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LETTER FROM THE AUTHOR TO THE 

TRANSLATORS 

Dear Colonel: 

When you kindly suggested that you and Captain Irving 
should undertake a translation into English of my work, "The 
Treatment of Wounds of Lung and Pleura." I assented with 
great pleasure. It is most gratifying to me to have our ideas 
diffused in your great country. An intellectual exchange will 
bring our peoples to a more intimate knowledge of each other 
and will bind closer those bonds of affection which were formed 
on the fields of battle. It is well now to cultivate in common 
the forces for the resurrection of good, as we previously united 
for the destruction of evil. 

It gives me especial pleasure that you and the Captain desire 
to translate my book, since you have witnessed, examined, and 
assisted in our work, you have seen the application of the 
method, studied the technic, and followed the results, but above 
all because it seems to me that nobody could better than you 
and the Captain, who in the midst of dangers assisted our 
wounded with admirable devotion, translate into a book the 
spirit of ardent but sorrowful zeal which agitated my mind at 
the time I was writing it. Nobody could better than you make 
felt in the great country of America, not only a little of our 
intellectual life, but the high ideals with which we entered the 
great war. 

In promulgating in your great country the treatment of 
wounds of the lung by means of artificial pneumothorax, the 
ultimate contribution of my Maestro, the late Professor For- 
lanini, I am pleased to recall that it was to the great credit of 
an American scientist, Dr. John B. Murphy, who had conceived 
and applied therapeutic pneumothorax almost contemporaneously 
with Professor Forlanini in ignorance of the latter's discovery, 
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that he rendered the honor of priority to the Italian Maestro 
with true scientific honesty and elevation of mind. 

It is true that it is the intellectuals who set the moral stamp 
of the people to which they belong. 

Accept the gratitude of your affectionate 

EUGENIO MOKELU 
Zona di Basso Piave — Ospedaletto da Caunpo N. 79. 



TRANSLATORS' NOTE 

THE translators of this little volume have enjoyed the 
privilege of being near neighbors and close observers, dur- 
ing the closing weeks of the Italian campaign, of Ospeda- 
letto 79, attached to the i ith Corps of the Italian Army, directed 
by Major Eugenio Morelli, and devoted exclusively to the treat- 
ment of wounds of the lung and pleura. We have had the 
opportunity of studying some hundred of these cases treated 
by him during the final actions on the Piave and its vicinity, 
between October 24 and November 4, igi8. The novelty of 
the method employed, its simplicity, and painlessness, was strik- 
ing; and the splendid results obtained were most convincing. 
From interested sceptics we were soon converted to enthusiastic 
adherents. 

Major Morelli has developed to a high degree of efficiency 
a system of team work and technic which added to his diag- 
nostic acumen, profound knowledge of the physiology and 
pathology of the thorax, and eternal vigilance in the after care 
of his patients, make up the important factors of his great suc- 
cess. Believing that his work is but little known or appreci- 
ated outside of Italy, we have undertaken a translation into 
English of his recent book on the subject. 

The great war is ended, and the question of how to treat the 
distressing and serious war wounds of the lung is happily no 
longer a pressing problem. However, there will remain the 
occasional penetrating thoracic wound of civil practice, and es- 
pecially those important and common diseases, pleurisy with 
effusion and onpyema, in which the principles set forth in this 
book are of practical and vital interest. 

There could be no doubt in the minds of any one who had 
seen MorelU's cases, of the far-reaching and beneficent effects 
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of his artificial pneumothorax treatment in wounds of the lung; 
that it prevents and controls hemorrhage, facihtates the closure 
and healing of the pulmonary wound, and obviates crippling 
adhesions, is beyond question. 

If this method gives the best results, and none are known to 
us which will compare with them, then it should be accepted by 
all broad-minded surgeons, even if the method seems to some 
to be "unsurgical." Its acceptance involves no surrender of 
surgical principles; the method is not antagonistic to surgery, 
but should be combined with it. The wound of the chest wall 
may and should be treated according to the accepted surgical 
principles of debridement and closure when feasible, under local 
or gas-oxygen anesthesia. If on account of lack of tissue, or 
for other reasons, suture cannot be performed, Morelli's ingen- 
ious hemothorax bag is an extremely efficacious, rapid, and safe 
method of closing an open wound of the thorax. Its use at 
Dressing Stations and Triages, as he says, would doubtless have 
saved many lives. 

As to extraction of the missile, this is indicated when of 
appreciable size and accessible in the chest wall, also, as MoreJIi 
specifically states, when its presence in the free pleural cavity 
can be determined. On the other hand, when the missile lies in 
the tissue of the lung, Morelli is emphatic in his insistence that 
it will cause no trouble if the proper pneumothorax thwapy is 
carried out. Here only he is in flat opposition to the school of 
radical surgeons. It must be confessed that the leaving in the 
lung of an irregular shell fragment of any size, with its proba- 
bility of bearing infected clothing, is contrary to surgical in- 
stinct. Personally we have seen a number of cases, and these 
mostly of shrapnel ball wounds, in which the missiles were 
retained in the lung without harmful consequences. The num- 
ber of cases observed, however, was perhaps not sufficiently 
great, nor the length of time of observation sufficiently extended 
to permit of absolute conclusions. 

One of us has long been interested in the treatment of 
empyema, and has struj^led with various methods of securing 
drainage combined with aspiration. Major Morelli's ingenious 
and practical device combining graduated aspiration, or com- 
pression, with irrigation, is by far the best we know of; why 
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it was not thought of years ago is a mystery. We believe it is 
destined to have a vety wide field of application in the future. 

Lincoln Davis Frederick C. Irving 

Ueutenant'Colonel, M.C., U. S. Army Captain, M.C, U» S. Army 

FIELD HOSPITAL NO. 331 

American Expeditionary Fobcbs 
Ljicbraga, Italy 

Jantttry, 1919 




INTRODUCTION,' 

'TpHERE is need for a book like this of Morelli's, propound- 
■■■ ing a new method of treatment for the serious war wounds 
of lung and thorax, whereby the mortahty is reduced from 
25 to 30 per cent to less than 5, and which furthermore restores 
the function of the lung to a state incomparably nearer to the 
normal than was before possible, an achievement inexpressible 
in figures. 

While not wishing to dispute the views of Professor MorelH 
concerning the origin of his method, which he terms with more 
modesty than accuracy a germination of my artificial pneumo- 
thorax method, I believe that having been present at its birtli 
and development in my clinic at Pavia, I am in a position as 
regards knowledge of the attending facts and circumstances, 
to set forth quite impartially the credit due him for its initiation 
into a new field. 

When I proposed in 1882 the treatment of pulmonary phthisis 
by the induction of artificial pneumothorax, I had exclusively 
in view the destructive process of the parenchyma of the lung, 
which 1 regarded as the essential factor. In my opinion then, 
as now, the various processes of destruction of the organ are 
not the result of a preordained and fatal disposition to caseous 
decomposition of a tuberculous nature, but rather the result of 
mechanical action. As I said at that time, and have since am- 
plified, when the lung is the site of a morbid process of whatever 
nature in which non-fluid products fill up the pulmonary vesicles 
for a sufficient time, and every desquamative pneumonia is an 
example of this; as a result of the respiratory movements, the 
parenchyma necessarily undergoes a necrobiasis and that particu- 
lar form of necrobiasis which is considered characteristic of 
pulmonary phthisis. 

With such a premise is it not lo^cal to resort directly and 
immediately to immobilization of the lung by pneumothorax? 
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) be sure, as I said in 1882, suppression of the destruction of 
the parenchynia is not suppression of the entire disease, the 
elimination of that factor is sufficiently promising, however, to 
warrant and encourage the trial of pneumothorax therapy. The 
results have since surpassed my very prudent presumptions. 

I wish to state clearly here that my pneumothorax method 
had a very definite and circumscribed field, — namely to inhibit 
the destructive process of phthisis. Artificial pneumothorax pos- 
sesses two distinct actions associated by the happiest chance; 
one, fundamental, affecting . the essence itself of phthisis, the 
other indispensable for success, affecting; the irreparable lesions 
already produced. These two actions were soon made use of 
in practice. The latter action of pneumothorax was made use 
of in processes which have no relationship to phthisis, namely, 
abscess of the lung-, and bronchiectasis. Thus a new form of 
therapeutic pneumothorax was developed, quite different from 
the first, except for identity of technic, and although in fact con- 
ceived as a consequence of my method might perfectly well have 
been independent and original. 

A third use of artificial pneumothorax which has no con- 
nection with the first either in scope, mechanical action, or clinical 
appHcation. which might have been conceived independently, as 
in fact it was, is the method proposed by me in 1902 for the 
treatment of pleural effusions. A voice calling in the wilderness, 
3S its frequent "rediscoveries" since attest. Yet if there is a 
method possessing in itself innate powers of persuasion, it is 
this one; it is only necessary to see it done once. A method so 
simple, so safe, allowing complete evacuation of the fluid, and 
reducing the chance of recurrence to an unhoped-for minimum. 
No more dragging pain, nor spasmodic cough, nor suffocation ; 
no more pulmonary edema, nor syncope, which in tiie past has 
occasionally been fatal. The principle is of such banal sim- 
plicity as to be exemplified daily at table by every doctor who, 
wishing to add mineral water to his wine, finds it necessary to 
permit a volume of air to enter the bottle equal in amount to 
the water removed! 

A fourth use of pneumothorax has introduced itself unfor- 
seen into practice. It was soon noticed that patients treated by 
pneumothorax ceased to have hemoptysis when the pneumo- 
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thorax was properly constituted and the lung really immobilized. 
Thus, recourse was had to pneumothorax as a direct remedy for 
broncho-pulmonary hemorrhage of whatever nature and form. 
The result is known. Today pneumothorax is recognized by 
all as the chief means of controlling broncho-pulmonary hem- 
orrhage. Let us recognize the fact, its explanation is simple. 
The aspirating effect exerted upon the open vessels of a pul- 
monary lesion by the expansion of the thorax with each in- 
spiration causes the blood to continue to flow, while at the same 
time it interferes with the repair of the lesion. The direct 
remedy is immobilization of the lung. To be sure one would 
not have affinned a priori that this would have sufficed. Ex- 
perience has proved it to be so, however. It is interesting to 
observe that a French surgeon had noted at the beginning of 
the war that in cases of serious hemorrhage from the lur^ the 
hemorrhage was arrested spontaneously and definitely when the 
effusion of blood into the pleural cavity became sufficient to 
collapse the lung. 

To Professor Eugenio Morelli belongs the credit of having 
thought out and successfully applied a fifth form of therapeutic 
pneumothorax, — a method with special indications and special 
technic adapted to the treatment of war wounds of the lung and 
their pleural complications and sequelae. It is probaWe that 
others recognizing the hemostatic action of pneumothorax, or 
wishing to evacuate pleuraJ effusions without compromising the 
collapse of the lung, may have made use of this method in iso- 
lated cases. Morelli, however, definitely formulated his propo- 
sitions several years before the war, in his thesis for Libera 
Docenza, published in 1910, on spontaneous perforation of the 
lung. Furthermore, he was the first, when the war offered the 
unhappy opportunity, to make a systematic application of the 
principles enunciated in 1910, adding to the technic those note- 
worthy modifications which its new and diverse field of applica- 
tion required. Morelli, in his book, to be sure, unfolds the 
beginning, but with much haste. My task requires that I should 
at least make a short **«****«• 
************ 

Before closing, I invite the reader to follow me in a brief 
review. Considering that artificial pneumothorax in {rfithisis 




INTRODUCTION XI 

fproposed in 1882, and practiced ever since in my clinics at 
Turin and Pavia. in spite of the magnitude of the results ob- 
tained, has been recognized and accepted only after the elapse 
of more than thirty-five years; that artificial pneumothorax in 
the treatment of pleural effusions is still almost unknown, and 
considered a virgin field for "rediscoveries" * * « * 
• *•••**«♦*** 

one cannot fail to recognize with a sense of satisfaction and 
admiring wonder the inexhaustible energy, patience, tenacity, and 
exhortation which must have been expended by him. What, 
then, if some reader remarks that MorelH arrived at his conclu- 
sions only after having worked and studied for years in my 
medical chntc at Pavia, he himself acknowledges it with the 
youthful zeal and loyalty to science of a devoted and grateful 
disciple! Why should any one wish to deny it? Is his merit 
less because circumstances have guided his accomplishments in 
one direction rather than another? 

Is it not the specific function of a school that when the hand 
of the teacher grows weary there sliall be other hands, more 
youthful and vigorous, ready to grasp the banner and carry it 

LoQ ever farther and higher? 

I Prof. Carlo Forlanini 



TTie preface written by my "Maestro" contains two incom- 
pleted portions, two blank spaces, which require some explana- 
tion. My "Maestro" died on May 25, 1918. It was on the 
23d day of May that he handed me the manuscript, saying: 

"Here is the preface for your book; it is not finished, I did 
not have the strength, but what there is suffices. There are 
some blank spaces ; if a few more days are spared to me I will 
fill them, if not, do you fill them. Perhaps my wearied brain 
has not allowed me to say all that I could have wished. I wanted 
at least to express my esteem for you." 

Overcome with grief and pride, I received these pages from 
those trembling hands. The preface was written in pencil, not 
in that dear handwriting so characteristic of the firm hand which 
follows a clear thought, but with the hesitancy of a weary and 
faltering hand. The bodily strength had gone, but the thought 
is still most lofty. The clear, analytical vision remains, the 
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power of synthesis, and the characteristic style with brief de- 
tached sentences. Forgive me. I who have admired his scien- 
tific greatness so much feel at this moment only the affection and 
elevated morale that pervades his words. The " Maestro " feared 
that his own achievements might obscure the lesser labors of 
his pupils, and before dying he wished to place in evidence my 
little work ; his affection made him exaggerate its importance. 

The "Maestro" died without filling those blank spaces. The 
first was to contain a simple resume of my work; the second 
was to recount the struggle to get my ideas accepted. I have 
not the will to write what he was to have written. It would 
seem unfitting. 

Wishing that others might share those sentiments of admira- 
tion and emotion which overcome me at the sight of the last 
words, the last expression of that lofty mind, I publish a photo- 
graphic reproduction of his manuscript which I preserve with 
a feeling of religion. His friends and pupils will recognize in 
it the "Maestro"; the very hesitations and corrections in the 
manuscript reveal the spirit of the great man. 

EUGENIO MORELLI 




AT the beginning of the war the concept that one should not 
intervene surgically in wounds of the lung was absolutely 
dominating. Statistics demonstrated that complete rest was the 
best remedy. This criterion was more absolute than for wounds 
of the abdomen, for which some of the ablest surgeons strenu- 
ously advocated surgical intervention. Experience has since 
taught much, but while accord is now almost complete as re- 
gards abdominal cases, we are still far from it as regards wounds 
of the lung. Adherents of the policy of abstention are in the 
majority; some advise intervention only in selected cases of 
exceptional gravity. I am absolutely convinced, and I hope to 
convince my colleagues, that intervention ought to be systematic 
and almost invariable in every wound of the lung. 

First of all, this marked and unfortunate difference of opinion 
should be explained. It seems to me that it is due to several 
causes, — misinterpretation of statistics, lack of following up 
results, the difficulty and danger, real or assumed, of the inter- 
ventions proposed, and may I be pardoned for mentioning also 
the lack of knowledge of thoracic symptomatology, and more 
particularly the special semeiology of pneumothorax. This is 
not to be wondered at since only rarely does the physician find 
an opportunity to study this morbid condition, unless he is 
familiar with the induction of therapeutic pneumothorax in the 
treatment of phthisis. As assistant to Professor Forlanini I 
have been able to follow my teacher in his profound studies on 
this subject. My admiration for his work has inspired me in 
; further study and application of his concepts. I gratefully 
Jcnowledge that all that I have to say is the direct germination 
E what my "Maestro" has taught; I have applied his ideas on 
file treatment of phthisis, pleuritis, and empyema, to war wounds 
t the lung and their complications, modifying and adapting the 
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technic only to the special conditions. I have not taken a step 
without consulting the "Maestro"; and it is my greatest pride 
to have received his approbation. I have been inspired almost 
religiously by a spirit of devotion to the "Maestro," and ad- 
miration for those who have offered their lives in defense of 
their country. For them I have combated the diffidence and 
skeptidsm of early days, and on their account I feel such grati- 
tude to those who have helped me in my difficulties. TTie road 
was made easy when, after my first efforts, the military authori- 
ties of the Medical Department granted me the direction of a 
special hospital for thoracic cases. 

The advice of my " Maestro," the insistence of many col- 
leagues, and the desire to aid the cause, have impelled me to 
coordinate now what I have written previously in various articles. 
To my experience is also added that of many others, and par- 
ticularly other students of the school of Forlanini. It is not 
my aim to present a complete surgical treatise on the subject; 
noted surgeons, especially in France, have already done so.* I 
shall confine myself solely to matters of personal experience, 
since in a Field Hospital biblic^raphic resources are not available. 
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THE 

rREATMENT OF WOUNDS 
OF LUNG AND PLEURA 



CHAPTER I 

MORTALITY STATISTICS 

T HAVE stated in the preface of this book that one of the 
causes which have led to the confusion of views as to the 
treatment of wounds of the lung is the great variation in the 
statistics of different authors. The figures vary from a mor- 
tality of 50 per cent to nearly zero. These variations would be 
easily comprehensible if they were the result of different lines 
of treatment; but such is not the case, as in nearly all instances 
the authors have followed the course of non-inter\'ention. 

The discrepancies are due to the different sources from which 
the statistics are collected, and to inexact diagnoses. It is to 
be noted that the highest mortaJity is found at the advanced 
dressing stations and ambulances, where the figiires are very 
high ; they decrease as one goes from these advanced posts back 
to the hospitals. Since it is an absolute rule that chest cases be 
retained at the most advanced hospitals, it follows that here 
one finds the highest mortality, which rapidly diminishes as one 
proceeds towards the rear; and since death in severe cases occurs 
within the first few hours, especially on account of hemorrhage, 
the mortality statistics of various hospitals will vary according 
to their distance from the front. The less the elapsed time be- 
tween the infliction of the wound and the entrance of the patient 
to a hospital, the higher the mortality at that hospital will be. 
This fact, which seems paradoxical, is nevertheless true, because 
if a long trip is ahead of the wounded a selection of cases is 
made, since the gravely wounded die of hemorrhage or other 
causes before reaching the hospital. This is certainly true in 
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the case of expectant treatment; in the case of active interven- 
tion, however, statistics ought to show improvement the earlier 
the cases are treated. Duval says that the mortality at dressing 
stations is very nearly 30 per cent; at ambulances 25 per cent; 
at army hospitals 15 per cent. Gregoire and Courcoux give 
25 per cent mortality at dressing stations, 30 per cent at am- 
bulances, and 2 per cent at hospitals. Duponchel gives 30 per 
cent at dressing stations and 34 per cent at ambulances, Pauchet, 
30 per cent and 20 per cent respectively. The mortality statistics 
at advanced hospitals collected by me before routine interven- 
tion was adopted was about 25 per cent, figures which corre- 
spond to those of Bastianelli and Longo. A source of error in 
pulmonary statistics is the fact that patients are often dis- 
charged from hospitals before they are definitely cured, while 
pleural effusions are still present, and while pleural infections 
are still latent, it being well known that empyemata especially 
may prove fatal after very long intervals. 

Accuracy of diagnosis is of fundamental importance in the 
value of statistics. Having the direction of a hospital to which 
are sent all the thoracic cases of one army corps, I have been 
able to establish that nearly a third of those diagnosed as hav- 
ing wounds of the lung have merely non-penetrating wounds of 
the thoracic wall. The wounded frequently state that they have 
coughed up blood ; frequently this bleeding is derived from other 
tissues and is readily and erroneously ascribed to the lungs. 
Naturally at the dressing stations there is no time to make an 
accurate diagnosis. If the history of hemoptysis were accepted as 
prima facie evidence of a pulmonary wound, the statistics would 
show a corresponding but fictitious improvement. In my statis- 
tics only cases are included as wounds of pleura or lung, in 
which I personally am able to verify the definite symptoms or 
signs of either hemoptysis. pneumothora.x, or subcutaneous em- 
physema. In such cases I intervene at once by the method 
which will be described later in detail. My statistics are com- 
prehensive, including every pulmonary case entering the hospital, 
even the very grave ones, in which intervention is contraindi- 
cated. Since I am permitted to retain nearly all patients until 
restored to health, the statistics can be considered almost 
definitive. 
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J the last action, at an advanced hospital, where the wounded 
often reached me from the most distant section of the line 
within four hours of being hit, I had in more than one hundred 
cases a mortality of less than 5 per cent. It is my conviction 
that statistics, unless the numbers are very great, are of little 
value; nevertheless, the contrast between these figures and earlier 
statistics is striking. I place great value, on the other hand, 
on the study of each case by itself. In considering; my statistics 
it should be realized that all the pulmonary cases of an army 
corps are sent to this hospital, and that there is no possibility 
of selection of cases, and that all complications are included. 
In the report of cases made at the end of this book, the cases 
published last year, which gave forty cures out of forty treated, 
will not be included, since they comprised only a single group 
of wounded, namely, those with closed hemothorax. The report 
includes only those cases seen in the last action, concerning 
which I can speak with absolute scientific truth, having had at 
my disposal means of accurate bacteriological, radiographic, and 
pathological examination. 

I have observed as army consultant at least a hundred other 
cases which have confirmed me in the views which I am about 
to express. 
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fore considering symptomatology and treatment. I wish to 
iss some concepts of physio-pathology and semeiology, which 
will facilitate the comprehension of the therapy which I expound. 
We should consider the lung as an elastic body with a con- 
stant tendency to contract, held in a state of distension in the 
pleural cavity. Its elastic tension, by which I mean its power 
of retraction, is greater in inspiration, less in expiration, but 
never abolished. The lung cannot collapse, since the atmos- 
pheric pressure acts on it only from one side; if an opening in 
the thoracic wall is made, allowing the atmospheric pressure to 
act on both sides, the viscus will be left to the mercy of its 
own retractile force and will promptly deflate until completely 
collapsed, at the same tim.e drawing air into the pleural cavity 
and establishing a pneumothorax. The negative pressure of tlie 
pleural cavity is nothing other than the measure of the retractile 
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force of the lung. The lung may be considered in its simplest 
form anatomically and functionally as a single large alveolus 
with its bronchiole, an elastic bag enclosed in the pleural cavity. 
We may experimentally construct an apparatus illustrated in 
Figure i, which diagrammatically represents the pulmonary 
function. I will describe it in 
detail, since it not only explains 
the mechanism of pulmonary 
function, but also much of the 
patliology of pneumothorax and 
hemothorax. 

The apparatus is composed 
of a balloon (B). made of thin 
rubber, of a capacity of about 
half a liter, enclosed in a 
bottle (A) of a capacity of about 
two liters. The balloon repre- 
sents the lung, the bottle the 
pleural cavity. The bottle is 
closed with a rubber stopper 
with two perforations; through 
this passes the glass tube (i), 
which represents the trachea, 
fitted with a three-way cock (3) ; the 
passage (5) connects the supposititious pleural cavity with a 
water manometer, and the passage (4) communicates with the 
external air. (The opening (7) at the bottom of the bottle is 
closed by a stopper; it serves for the study of thoracentesis.) 

If air is blown into the balloon (B) while the three-way code 
(3) is in communication with the external air, as in Figure i, the 
air in the bottle will be displaced and driven out as the balloon 
dilates, and if the latter is sufficiently elastic it will fill the bottle, 
coming into contact with its walls. If at this moment the three- 
way cock is turned so as to close the passage of air, the balloon 
will remain in contact with the walls of the bottle, although still 
in communication with the external air through the tube ( I ) . It 
cannot retract since the atmospheric pressure acts on it only 
through the passage (i). If the three-way cock is now turned, 
as in the figure, the bottle is placed in communication with the 




Fig. 1 
and the tube (2), which 
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lal air, permitting the atmospheric pressure to act on the 
outer surface of the balloon, allowing it to contract immediately, 
owing to its own retractile elastic force, emitting its contained 
air through the tube ( i ) . and drawing an equivalent amount of 
air into the bottle through the passage (4). The deflation of the 
balloon will continue until its retractile force is eliminated. In 
nowise different is the action of the lung; if an opening is made 
through the thoracic wall the King retracts, drawing air into the 
pleural cavity, forming a spontaneous pneumothorax, and the 
retraction will continue until the lung reaches a state of equilib- 
rium. If the three-way cock is turned so as to place the bottle 
in communication with the manometer, the fluid in the manometer 
will be aspirated to a level representing the retractile force of 
the balloon; the same phenomenon occurs if a manometer is 
placed in communication with the pleural cavity (as was always 
done at first in the induction of therapeutic pneumothorax). 
As the retracting lung will draw air through an opening in the 
thoracic wall until deflated, so in like manner, if connected with 
a manometer, it will draw the liquid to a level indicating its 
retractile power. As in the case of the bottle, the aspirating 
force diminishes as the balloon becomes smaller, so also in the 
pleural cavity the negative pressure diminishes the more the 
lung retracts; and when the lung is in a state of repose or 
equilibrium it will reach zero, or atmospheric pressure. To 
demonstrate that the negative pressure of the pleural cavity 
corresponds to the retractile force of the lung, it is only neces- 
sary to place a manometer in tube ( i ) ; if the three-way cock is 
then tiuTied so that communication with the external air is 
established, the inflated balloon will contract, and the liquid in 
the manometer will be compressed, registering a positive pres- 
sure identical in degree with the negative pressure previously 
shown as the measure of its power of aspiration. The lung, in 
short, by its own retractile power, acts as an aspirating force 
which exerts its traction on all the surrounding parietes, thoracic 
wall, diaphragm, and mediastinum. It tends to draw in the in- 
tercostal spaces, raise the cupola of the diaphragm, and diminish 
the thoracic chamber. The elastic tension of the lung is modi- 
fied according to the phase of respiration, increasing in inspira- 
tion, and diminishing in expiration, but never vanishing. It 
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is possible to represent the respiratory function by connecting" 
a syringe of lOO c.c capacity with tube (4) of the apparatus, the 
three-way cock is turned so as to place the bottle, the syringe, 
and the manometer into intercommunication. Every aspiration 
of the syringe is equivalent to an inspiration, everj' compression 
of the syringe to an expiration. In the sequence of inspiration 
and expiration a dilatation or deflation of the balloon will be 
shown, and at the same time the manometer will register greater 
or less negative pressure. 

The pulmonary retractile force may be regarded as about equal 
in the two lungs; any monolateral modification of this force 
causes noteworthy modification in the positions of the intra- 
thoracic organs. The mediastinum may be considered as a me- 
dian septum which separates the two lungs, a septum of slight 
tension which may under certain pathological conditions show 
various fluctuations. The mediastinum remains in a median 
position only because the retractile power of the two lungs is 
equal and opposite. The force of pulmonary traction is greater 
than one would think. Exact figures in man are not at hand. 
Physiologists give figures varying from 30 to 50 cm. of water; 
the experience which I have had in the great number of measure- 
ments made in vivo in the application of therapeutic pneumo- 
thorax make me incline to the first figure rather than the second. 
The figures derived from clinical experience, however, cannot 
be considered exact since the raanometrical observations are 
made on diseased or wounded lungs, and therefore damaged in 
their retractile power. If in addition to pulmonary lesions there 
exist also pleural adhesions, which clinical examination cannot 
positively exclude, the measurements become still further vitiated. 
In my experience studies on the cadaver have little value since, 
if the elastic power itself of the lung is not abolished, certainly 
the power of retraction is rapidly diminished after death. 

Accepting a medium figure as the measure of this aspirating 
force, the total power of suction exerted can be realized when 
one considers the force exerted on the small surface of the 
manometer. On the large surface of the diaphragm the total 
traction may be calculated in some kilograms; indeed, it is suffi- 
cient to hold the hver suspended in place. The suspension of 
the liver is in part due to the support of neighboring viscera. 
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t in great part is due to the traction of the lung, acting in- 
directly through the diaphragm. Some examples will serve to 
make clearer this concept of the aspirating power of the lung. 

The displacement of viscera is an important sign of efEusions 
of fluid into the pleural cavity. In left-sided effusions the heart 
is displaced to the right, and znce versa. If one asserts that the 
heart is displaced by the presence of the fluid, this is not ab- 
solutely exact. The fluid can dislocate viscera by active pressure 
only when the effusion is very great; the true explanation of 
the displacement is the diminution of pulmonary traction, I 
have stated that the mediastinum and the mediastinal organs 
occupy their normal positions because on them is exerted the 
equal and opposite tractile forces of the two lungs; if owing to 
the presence of a pleural effusion one lung is deflated and there- 
fore its retractile force diminished, that of the opposite lung 
will prevail, and the mediastinum will deviate to that side, not 
because it is pushed over, but because it is pulled over. This 
differentiation is of more importance than would appear at first 
sight, since it is specially concerned in the question of the treat- 
ment of hemothorax. It is said that a hemothorax should be 
maintained since it compresses the lung; this I absolutely deny, 
and on this negation I found a large part of my therapeutic 
concepts. It is also asserted that effusions on the right side by 
their own weight depress the liver; here also the interpretation 
is incorrect. The weight is the least of its causes. In the dorsal 
decubitus, when the liquid does not weigh on the liver, its 
downward dislocation may still be made out ; the true cause is 
here also the diminished tractile force of the lung. Sufficient 
proof of this is the fact that the liver is displaced downwards, 
as is the heart displaced laterally by the pressure of a pneumo- 
thorax, and even a slight pneumothorax, not sufficient to produce 
positive pressure. The heart is often displaced more by a slight 
pneumothorax than by a voluminous fluid effusion. And by 
reason of the same diminution of the retractile force of the 
lung, one notes dilatation of the hemithorax in effusions either 
fluid or gaseous. 

Considering the lung from the viewpoint of its great aspirating 
power, endopleural effusions in cases of cardiac decompensation 
are easily explained. To understand this it should be considered 
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that the tissues of the body are already in a state of hydroplasma 
such as to produce spontaneous edema in all dependent parts; 
every aspiration exerted on the tissues will increase the tendency 
to the exudation 'of serum. With this in mind one will under- 
stand that the process of transudation will begin and become 
most marked wherever aspiration is exerted with greatest force 
over the largest area. This apparently explains the clinical prob- 
lem of the more common occurrence of pleural effusion on the 
right side than the left in cardiac disease. The right pleural 
cavity is larger, hence its aspiration is exerted on a larger 
surface, and larger transudates arc required to meet its demands. 
So far as I have been able to study on the cadaver, the tractile 
force of the right lung appears superior to that of the left ; but 
even if one does not wish to accept this statement, for as already 
said the cadaver is but little adapted to this study, it is never- 
theless true that if the two forces were ordinarily equal, then 
in cardiac hypertrophy, the increase in bulk of the heart which 
takes place more particularly at the expense of the left hemi- 
thorax, will cause the left lung to be encroached upon and re- 
tracted. Retraction signifies diminution of elastic power, that 
is of aspirating force; it would therefore appear logical that the 
aspirating force being superior in the right pleural cavity, that 
the hydrothorax should form here. I do not wish to deny that 
other causes may also be present, as for example compression 
of the azygos vein, according to the view of Baccelli; it is cer- 
tain that this is of some moment. The statement of Cardarelli 
that right-sided exudations are more frequent in lesions of the 
aortic valves corroborates this hypothesis, since it is especially 
in these lesions that we have the massive hypertrophies of the 
left ventricle and hence the maximal retraction of the left 
lung. Accepting this concept, many semeiological facts are more 
easily explicable, for example the formation of the paraverte- 
bral triangle of Grocco, present in exudates of pleuritic origin 
and absent in transudates, and also the peculiar form character- 
istic of the exudate in pleuritis,^ 

I have insisted on the importance of pleural aspiration since 
a large part of the pathology and semeiology of pulmonary 

' Morelli : The paravertebral triangle of Grocco. Gazzetu Medica Italiana, 
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wounds is founded on it; by means of it the pathogenesis of 
hemothorax and pneumothorax are made clear, as well as the 
line of treatment which is based on the abolition of this tractile 
force of the lung. 

The reasoning which has been presented applies to the normal 
respiratory apparatus; it must be considerably modified for the 
pathological. It must be modified in pathological conditions 
which reduce the elastic tension or the possibility of retraction 
of the lung, and especially in cases of extensive pleural adhe- 
sions, which may even totally eliminate the negative pressure of 
tiie pleural cavity. For these reasons surgeons at times form 
inexact ccmceptions of the power of retraction of the lung, con- 
ceptions which on the other hand are axiomatic for those who 
have long practiced therapeutic pneumothorax. I will consider 
the problem of pleural adhesions in the appropriate chapter. 



CHAPTER II 

SYMPTOMATOLOGY AND CLINICAL PATHOLOGY 

Varieties of Pulmonary Wounds depending on the Character of 
the Projectile and the Location and Nature of the Lesion 

TN the study of pulmonary pathology we must malce certain 
■*■ distinctions according to the nature of the projectile, the re- 
gion injured, and the lesions produced. The lung may be 
wounded directly either by a projectile passing completely 
through, or by one lodging in the viscus, or indirectly by a 
projectile which strikes the thorax without entering the pleural 
cavity and injures the lung by contre coup. It is generally 
affirmed that a foreign body lodging in the lung makes the 
prognosis much worse. Rouvillois gives 45 per cent mortality 
in penetrating wounds and 23 per cent in through-and-througb 
wounds. Duval, in collected statistics, reports 27 per cent for 
the first class and 15 per cent for the second. I had also pre- 
viously noted the difference in prognosis, but since I have made 
a practice of systematically compressing the lung, I have ob- 
tained the same results in both classes, since foreign bodies, 
when they exist, readily become encysted under this method of 
treatment. We must distinguish, however, between the results 
produced by the different types of projectiles, especially as regards 
their irregularity of contour and their velocity of penetration. 
In increasing order of gravity are wounds by rifle-balls, shrapnel- 
balls, fragments of shells, hand-grenades, and aeroplane bombs. 
Tlie last three being irregular in shape, carry in pieces of cloth- 
ing and bone fragments and are more likely to produce severe 
infection. Splinters of hand-grenades and aeroplane bombs often 
cause multiple wounds and produce enormous rents in the lung, 
all out of proportion to the skin wounds, which are often very 
small. Another most serious result of the irregular contour 
of the projectile is the frequent production of an open wound 
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t the thorax, which produces spontaneous pneumothorax, trau- 
matopnea, and, very likely, pleural infection. 

Projectiles producing indirect pulmonary lesions have also 
considerable pathological importance, for, even if they do not 
woimd the lung directly, they may produce serious damage to 
it by centre coup. Contusion of the lung is in its nature less 
serious than a direct wound, but it must not therefore be 
neglected, since sometimes, especially when complicated by 
traumatic broncho-pneumonia, it may terminate fatally. I shall, 
however, speak of this later under the heading devoted to that 
subject. 

Wounds caused by cutting weapons are not frequent in actual 
warfare, nor in the thorax do they present any special gravity. 
Their unique characteristic is, perhaps, that they produce more 
frequently than others, hemorrhage from the intercostal artery. 

As regards the portion of the lung wounded, it seems logical 
to assert that tlie danger is less the farther away the wound is 
from the central region of great vessels and the nearer it is to 
tlie cortical region of small vessels. While this statement is 
generally true, we must not accept it absolutely, since the gravity 
of the hemorrhage depends not only upon the size of the vessel 
injured, but also upon the opportunity which it may have to 
bleed. A given artery will bleed much more if it is kept in 
motion, or if suction is applied to its se\ered end, than if it 
is immobilized and compressed. Hence it clearly follows that 
if the projectile which injured the artery had also caused the 
formation of a closed pneumothorax, the resulting hemorrhage 
would be less. The region injured is of more importance in 
wounds with a widely open pneumothorax, since here the spon- 
taneous pneumothorax is always at atmospheric pressure and 
the ^es^llting collapse of the lung is usually only capable of 
checking hemorrhage from the small vessels and is not even 
sufficient for those of medium size. We can. therefore, say that 
the extent of the hemorrhage is regulated not only by the nature 
of the projectile and the region of the lung wounded, but also 
by the degree of counter pressure which may be exerted upon 
the wounded vessel by the formation of a pneumothorax or 
hemothorax. 

Pleuro-pulmonary woimds vary greatly in extent, but their 
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gravity depends mostly upon whether the wound in the chest 
wall be open or dosed. This factor, moreover, has an important 
bearing upon the treatment which I carry out. 
I distinguish three types of pulmonary lesions: 

1, Pleuro-pulmonary lesions with closed wounds of the 

chest. 

2, Pleuro-pulmonary lesions with open wounds of the chest. 

3, Contusions of the lung. 

I mean by contusion, a lesion of the lung caused by a projectile 
which has not directly penetrated the viscus, but which has struck 
the thoracic walls and only indirectly, by contre coup, damaged 
the organ. The wound of the chest wall may be more or less 
serious. Sometimes it may be of the very slightest nature while 
grave internal lesions exist. While admitting the possibility of 
true laceration of both lung and pleura, in cases of severe con- 
tusion the general characteristic of a contusion is the integrity 
of the visceral pleura. Since it is precisely because of the 
unbroken pleura that it assumes certain special characteristics 
in contrast with direct pleuro-pulmonary wounds, I have dealt 
with it under a special heading. 

We shall consider first the principal symptoms which present 
themselves clinically and then discuss the particular features of 
the three classes of wounds. I purposely omit consideration 
of those extremely grave wounds which rapidly end in death, 
preceded by symptoms of acute hemorrhage, and deal instead 
with those of less severity, which allow us enough time to try 
to treat the patient. 

Besides the general symptoms which are due to pleural re- 
flexes and irritative factors, we must study the numerous local 
symptoms and signs which may occur and which are caused 
directly by the wound itself. These are, besides the pleural 
reflexes themselves, bloody expectoration, pneumothorax, hemo- 
thorax, and subcutaneous emphysema, and later, broncho- 
pneumonia, reactive pleurisy, pyothorax, pyo-pneumothorax, pul- 
monary abscess, and secondary rupture of the lung. Finally, 
we must consider the ultimate results of the wounds. 

The Pleural Reflexes. Reflex Irritations It is rare that the 

individual with a pleuro-pulmonary wound does not present acute 
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ibjective symptoms. Most frequently he has a sense of violent 
pain and thinks himself very severely wounded. He has a feel- 
ing of angTjish, sometimes a true air himger, and a serious 
dyspnea which is aggravated by the pain of breathing, and in 
which the respirations often reach forty to fifty per minute. 
These symptoms and signs are not due to the rapid diminution 
of the respiratory area by a sudden pneumothorax or a severe 
hemothorax, but rather to pleural reflexes which correspond 
closely to the phenomena of so-called pleural eclampsia. It is 
evident that the pleiu^ reflexes, like all reflexes, differ among 
different individuals. This can alone explain the remarkable 
symptomatology sometimes associated with slight wounds ac- 
companied by slight pneumothorax or hemothorax, and, on the 
other hand, the mild disturbances occasionally seen with very 
;vere wounds. If the dyspnea were due entirely, or in part, 

reduction of the respiratory area of the lungs, it would be 
icult to understand why oxygen inhalations do little if any 
and why common local and general sedative agents bring 
the greatest relief. Even better evidence that we are dealing 
with irritative phenomena is furnished by the fact that very often 
patients have a marked sense of well-being when the lung is 
immobilized by the establishment of a therapeutic pneumothorax, 
or the increase of an existing one. If the dyspnea were due to 
the reduction of the respiratory area, it would become worse 
with the increase of the pneumothorax. Sometimes the air 
hunger and anxiety are due to the severe anemia of grave 
hemorrhage; more rarely the dyspnea is caused by a pneumo- 
thorax under excessive pressure. In cases in which the wound 

the chest wall is widely open the dyspnea is most marked of 
shall speak of this in particular later. 

A state of general excitement dominates the picture rather 
than a state of depression. 

The cough is often not so serious as the lesion would make one 
suppose; it is dry, often irritating, and of pleuritic type. 

The pain is sometimes very acute, especially if the ribs have 
been injured; generally, however, it is bearable. 

The respiration is of a special type; inspiration is never deep, 
expiration is forced, often so much so as almost to amount to 
a cough. 
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Tachycardia and cardiac disturbances are almost constant ac- 
companiments of thoraco-pulmonary wounds; the pulse often 
reaches one hundred and twenty to one hundred and fifty beats to 
the minute, and is small and sometimes arhythmic. Such a tachy- 
cardia must not be considered a sign of the greatest gravity, as 
it would be witli a wound of the peritoneum, for, being due at 
first rather to irritative factors than to hemorrhage, it responds 
splendidly to treatment. It is not, therefore, a contra-indication 
to intervention. 

Rigidity of the abdominal muscles sufficiently marked to simu- 
late a peritoneal lesion is also frequent, hence the differential 
diagnosis between purely thoracic and thoraco-abdominal wounds 
often becomes very difficult. This abdominal rigidity is fre- 
quently caused by pain, which forces the patient to contract his 
diaphragm in order to modify the type of respiration. Some- 
times it is due to a lesion or an irritation of the diaphragm, but 
often it is associated with pleural reflexes alone, since it may 
be present in through-and-through wounds of the upper thoracic 
region. 

Among the irritative phenomena alterations of the pupil merit 
special mention. Contraction or dilatation of the pupil may exist, 
sometimes alternating either bilateral or monolateral. 

Hemoptysis. — Bloody expectoration is a very frequent but 
not a constant sign of thoraco-pulmonary wounds. It would, 
however, be a grave error to deny the existence of a pulmonary 
lesion because of its absence. I have frequently found it absent 
in cases of unmistakable perforating or through-and-through 
wounds, in which I was able to evacuate a liter or more of fresh 
blood from the pleural cavity. While the spitting of blood is 
frequent at the time when the wound is received, and for some 
hours afterwards, one cannot place too much confidence in what 
the soldiers say in regard to this. Their statements that they 
have coughed up blood often lack confirmation, nor can one ex- 
elude the possibility of the blood having originated elsewhere 
than in the lung. It is certain that a few hours after the wound 
has been received hemoptysis diminishes in frequency. This is 
especially true the more the lung is collapsed, for the presence 
of a spontaneous pneumothorax often causes a hemorrhage to 
cease. 



SYMPTOMATOLOGY AND CLINICAL PATHOLOGY 

A hemoptysis which has stopped a few hours after the wound 
was incurred may reappear after some days. Often a hemoptysis 
does not occur at once but may appear later, probably because 
of the absorption of a hemothorax or pneumothorax before the 
wounded blood-vessels have closed completely. This must not 
be confused with the blood-tinged expectoration of broncho- 
pneumonic origin, which is frequent on the second, third, or 
fourth day. 

Severe hemoptyses are less frequent than one would suppose. 
Although hemoptysis may be absent in both perforating and 
penetrating wounds of the lung, it is, on the other hand, always 
found in pulmonary conmsion. 

Pneumothorax. — Only when the two pleural surfaces are com- 
pletely fused is the formation of a pneumothorax impossible. 
Some assert tliat pneumothorax is a frequent occurrence, and 
there are those who claim that it is very rare. Picque and 
Dupcrie find it in 62 per cent of their cases. Maillet in 6 per cent. 
From my experience I feel certain that while extensive pneumo- 
thorax is not a frequent sign, a slight degree of it is almost 
constant in pulmonary woumls. I am sure that it occurs in 
more than go per cent of cases, although the absorption of air 
by the healthy pleura is often so rapid that after a few days it 
is no longer possible to detect its presence. It is difficult for 
one who has not had much experience with therapeutic pneumo- 
thorax to make out the presence of small amounts of air between 
the pleural surfaces. Now that I am systematically producing 
artificial pneumothorax in pulmonary wounds, I am convinced 
both by the ease of creating the pneumothorax, which demon- 
strates that the pleurae have already separated, and by the mano- 
metric reading, that a slight amount of it almost always preexists. 

Air may be aspirated into the pleural cavity in two ways : first, 
through the thoracic wall, if the wound of the parietes remains 
open, instead of closing immediately, as often happens with 
small wounds caused by smooth projectiles ; second, through the 
lung, if the thoracic wound closes and the pulmonary wound 
remains open. In this case the resultant pneumothorax origi- 
nates in the same way as the spontaneous pneumothorax of 
phthisis and emphysema, but with the great difference that in 
wounds of the lung the pneumothorax is at first almost always 
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Sterile, since the air that passes through healthy alveoli is nor- 
mally free from organisms. On the contrary, by the spontane- 
ous rupture of a diseased lung, the air passes through infected 
tissues and therefore readily gives rise to pyo-pneumothorax. 
A pneumothorax resuhing from a wound of the chest wall may 
be compared to the therapeutic pneumothorax of Forlanini, but 
with this difference: that in the latter one admits sterile air 
slowly through sterile tissues, while in the fonner there is a 
tumultuous entry through soiled tissues of air which may be 
infected. 

We cannot determine with certainty in an individual case 
whether the pneumothorax originated through the wound in the 
chest wall or through that in the lung, since we are unable to 
tell if the opening in the thorax closed imme<liately after the 
wound was incurred. If there are no pleural adhesions a few 
seconds suffice for the elastic lung to suck in air from the out- 
side as it collapses, and only a few moments are needed for 
enough air to enter to produce complete pneumothorax. It is 
quite different when air enters through the wound in the lung. 
Here the air pouring from the bronchi into the pleural cavity 
tends to close the wound itself, because as the pneumothorax 
forms the lung retracts from the parietal pleura and diminishes 
in size. As the lung becomes smaller the wound in it also be- 
comes smaller until it is completely closed. The inflow of air 
will stop when there is an equilibrium between the tendency of 
the wound to contract and the preexisting negative pressure in 
the pleural cavity, now greatly lessened by the pneumothorax 
which has formed. A pneumothorax of pulmonary origin is 
generally slower in its formation than one of parietal origin. 
The latter also differs notably in that the negative pressure in 
the pleural cavity, instead of tending to open a wound in the 
chest wall, which involves several tissue layers separated by the 
ribs, rather tends to aid its closure, unless a true loss of sub- 
stance exists, as in open pneumothorax. On the other hand, 
with a wound of the lung, the greater the negative pressure the 
more air will enter to form a pneumothorax. Should there be 
a positive pressure in the pleural cavity, the reverse is true, since 
it forces a pulmonary wound to close and tends to open wider 
a parietal wound. Especially is this true in coughing, when. 
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positive pressure becoming rapidly elevated, wounds of the lung 
and the thoracic wall act like valves which open in opposite 
directions. For the reason that negative pressure favors their 
closure, we are not so apt to have pneumothorax with small 
parietal wounds, while with small wounds of the lung itself we 
may have a very considerable pneumothorax, which continually 
increases until the wound itself is closed, nature acting in this 
way as a true healing agent. Hence, I believe that with simple 
parietal wounds which are not extensive, pneumothorax is either 
absent or very slight, and that when a pneumothorax does exist 
it is most often due to a wound of the lung itself. 

Hemothorax is an almost constant sign of a wound of the 
lung. It is so frequently so that when it is absent I consider 
that I am dealing with a contusion instead of a perforation of 
the lung. To be sure, if the wound is very slight no hemothorax 
may result, just as there may be none when in an exploratory 
puncture the needle penetrates the lung. Wounds caused by 
projectiles, however, are not usually so innocuous. I believe I 
am right in saying that a more or less serious hemothorax exists 
in more than 90 per cent of cases. I have found it absent only 
when a considerable pneumothorax was formed immediately 
after the wound occurred. Hemothorax results from a wound 
of a pulmonary vessel or else of a vessel of the thoracic wall. 
Hemorrhage from the intercostal artery is much rarer than is 
commonly thought, probably because chest wounds are usually 
caused by firearms, and hence the vessel is torn rather than cut 
by the projectile, which results in spontaneous hemostasis. I 
have never seen a well-authenticated case of serious primary 
hemorrhage from the intercostal artery, but I have observed 
severe secondary hemorrhage from this source in open pneumo- 
thorax, and after thoracotomy for the relief of empyema. 

In lung wounds the region wounded naturally governs the 
severity of the hemorrhage according to whether it involves the 
great, the medium-sized, or small vessels, accompanied or not 
by hemoptysis. There are three types of hemothorax: first, the 
acute, very severe and often fatal variety ; second, hemothorax 
from slow leakage, which continually increases ; and third and 
most frequent, an acute hemothorax, which is more or less 
severe, followed at a later time by a slow hemorrhage. While 
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the development of an acute hemothorax from the wounding of 
a large vessel is quite evident, it is more difficult to understand 
the second variety. I have frequently seen wounded men reach 
the hospital with absolutely no or sh'ght hemorrhage, in whom 
a hemothorax slowly developed on succeeding days; a fact which 
was confirmed by radioscopy and exploratory puncture. The 
use of the needle is necessary to avoid confounding true hemo- 
thorax with the fluid of pleural irritation of rapid origin. The 
presence of red corpuscles in a state of perfect preser\ation, the 
proper proportion between red and white cells, the coagulabihty 
and color of tlie fluid, together with its continued increase, in- 
dicate with certainty that a hemorrhage is in progress. 

The explanation of continued hemorrhage is not difficult if 
we reflect that a very vascular organ has been wounded, that the 
viscus is in continuous movement on account of breathing, and 
that therefore the formation of a coagidtim is made very diffi- 
cult. Moreover there is a factor of the greatest importance upon 
which I have already dwelt, which is that a noteworthy aspirating 
force is produced in the pleural cavity by the retractile power 
of the iung, and therefore a continuous suction is exerted on 
the bleeding wound. The ideal conditions for the maintenance 
of hemorrhage are exactly these : a wound kept in active motion, 
and suction exerted upon it somewhat like a "wet cup." Unless, 
fortunately, a clot should form, the hemorrhage cannot cease 
until the lung becomes much collapsed by an extensive hemo- 
thorax, and in consequence the movement and suction becomes 
sufficiently diminished to permit coagulation ; much as in a breast 
pump, the milk ceases to flow only when the vacuum has dis- 
appeared. From a liter to a liter and a half of blood, however, 
are required to completely collapse the lung! The negative pres- 
sure in the pleural cavity exerts its action so powerfully on the 
neighboring organs that cases of severe hemothorax are described 
in the literature where the blood came from wounds of the liver 
or kidney through a perforation in the diaphragm, the lung being 
unwounded. I, myself, have demonstrated at autopsy a case 
of hemothorax caused by a wound of the liver with perforation 
of the diaphragm. 

We can easily observe the modus operandi of hemothorax by 
making use of the apparatus of Figure i. When the central 
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balloon is sufficiently inflated so that the manometer registers 
an evident negative pressure, if we place the tube 5 in com- 
munication with a basin of liquid, we will see that a considerable 
amount of it is sucked into the bottle. We must note that while 
in the experiment the liquid is aspirated from the basin against 
the force of gravity, the blood escaping from the vessels is 
actually aided by its own power of spontaneous flow. 

I have stated that hemothorax is almost a constant sigii of 
lung wounds. It is seldom lacking except when there is a 
pneumothorax. This is logical when we consider that the nega- 
tive pressure as well as the mobility of the lung is diminished 
or abolished by a pneumothorax. Therefore I assert that pneu- 
mothorax is the best thing that can happen with a pulmonary 
wound, since the more air there is in the pleural cavity the less 
blood will escape from the lung. In other words, air and blood 
arc always in inverse ratio. It is precisely on account of the 
possible presence of a pneumothorax that the distinction between 
lung wounds according to their location loses much of its value ; 
for, if an extensive pneumothorax exists, even a wounded vessel 
of some size may bleed only slightly, while with no pneumo- 
thorax and a strong negative pressure a small vessel may cause 
considerable hemorrhage. If a closed pneumothorax already 
exists and the lung is already collapsed, even a small quantity 
of blood will produce a positive pressure in the pleural cavity; 
on the other hand, if a pneumothorax is lacking it will require 
from two to three liters of blood to obtain the necessary com- 
pression. On tlie contrary, a wounded vessel in a case of open 
pneumothorax is a much more serious thing, a point on which 
I shall dwell in the section on open pneumothorax and its 
treatment. 

While speaking of hemoptysis I stated that it may be absent 
in thoraco-pulmonary wounds while it is constantly present in 
contusions. The reverse is true as regards hemothorax; that is 
to say, we almost always find it in thoraco-pulmonary wounds, 
while it does not occur in pulmonary contusions unless the lesion 
is extensive enough to have ruptured the visceral pleura. In 
this case, naturally, a condition of affairs similar to a pleuro- 
pulmonary wound exists. This is readily explained by what I 
have already said. When a pulmonary vessel is injured with- 
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out involvement of the pleura, blood can escape only by way of 
the bronchi, but if a perforation of the pleura exists, it may find 
its exit that way also. Since through the broken pleura negative 
pressure is exerted on the bleeding point, blood alone or blood 
mixed with air will be led to take this avenue of escape rather 
than the other. If the visceral pleura were intact, clearly the 
blood could not make its exit this way. 

In conclusion we may assert that hemoptysis is constant and 
hemothorax rare in pulmonary contusion, while in penetrating- 
or perforating wounds of the lung hemoptysis may or may not 
exist, but hemothorax is almost constant. 

The blood of a hemothorax is sometimes rapidly absorbed in 
a few days, at other times it remains in the pleural cavity weeks 
or even months. Rapid absorption may be a source of danger, 
as it may permit the dilatation of the lung before the wound in 
it is sealed. On the other hand, its long continuance is harmful 
because it favors the formation of large fibrinous deposits about 
the lung which prevent dilatation and favor adhesions. 

Another important point is whether or not the hemothorax 
coagulates. Sometimes the blood is preserved in a liquid state 
for months, on other occasions it coagulates with great facility, 
producing truly enormous deposits of fibrin. In one case in 
which death occurred from gas gangrene about a week after the 
wound was incurred. I found a clot weighing about two kilo- 
grams. Often in exploratory punctures one passes through great 
fibrinous stratifications before reaching fluid. What the reason 
is that coagula are sometimes produced readily and sometimes 
not at all is still unknown. I believe in the study of the problem 
we should lay great stress on the injury to pulmonary tissues, 
for the coagitlative power of all tissues except endothelium is 
well known. It is not improbable that sterile blood in contact 
with healthy endothelium does not coagulate, but it is possible 
that the pulmonary juice or that of other neighboring tissues 
entering the pleural cavity through tbe wound may have the 
power of causing clotting.' The problem is very difficult and 
important on account of the serious results which may occur, 
and ought therefore not to be studied superficially.* 

' Morelli : Conference on war medicine and surgery. Jan. 3. 1917, 
' An accurate study of this problem is found in the work of Gregoire and 
Courcoux, already mentioned. 
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Hemo-pneutnotborax. — The coexistence of blood and air in 
the pleural cavity is frequent and is of great importance. I have 
already stated that the volume of the pneumothorax and that 
of the blood are in inverse ratio. While a pneumothorax alone, 
except when caused by a valve-Iike action of the woimd, has 
rarely a pressure greater than atmospheric, when blood is also 
present and the pneumothorax is closed, an elevated pressure 
may easily occur, and the greater the amount of the hemorrhage 
the higher will be the pressure of the pneumothorax, and hence 
the greater the compression exerted on the lung. This fact 
demonstrates the purpose of introducing air into the pleural 
cavity to check bleeding. If one can exclude the possibility of 
inflammation which may have given rise to an exudate, a pneumo- 
thorax under elevated pressure is a certain sign that a hemorrhage 
is going on. 

Emphysema, — Subcutaneous, Mediastinal, Subpletiral. — A 
slight subcutaneous emphysema beginning at the site of the thor- 
acic wound is frequent, and it is a valuable sign of lung injury, 
except, of course, when it is of bacterial origin. 

It is impossible to conceive that air may pass from the lung 
into the subcutaneous tissues without entering the pleural cavity 
if there is a mechanical possibility of its so doing. Emphysema 
of slight extent is certainly therefore due to a wound of the 
lung accompanied by a pneumothorax of greater or less volume 
which must have had at some moment a pressure above atmos- 
pheric. If it were not so the air would have been drawn into 
the pleural cavity on account of the retractile force of the lung 
instead of being forced into the subcutaneous tissue. The tension 
may be due to the pneumothorax itself, to forced expiration, or, 
most frequently, to coughing. If pneumothorax does not exist, 
even with slight emphysema, pleural adhesions nuist be present. 
In performing therapeutic pneumothorax a subcutaneous emphy- 
sema is frequently obser\'ed when too large a needle is used, and 
there is a pneumothorax of positive pressure, or else when the 
needle penetrates where pleiual adhesions exist and the lung 
is unable to retract. While sUght emphysema may be present 
with an extensive pneumothorax, generalized emphysema is an 
almost certain sign of adhesions between the two pleurae. There 
ility even if the two pleurae are not completely united 
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that the projectile may have passed through a point at which the 
two plearae were adherent. The result is that with each expira- 
tion a certain quantity of air becomes insufflated subcutaneously 
tiirot^ the open parietal pleura and that the repetition of the 
process produces general emfJiysema. if adhesions did not exist 
a pneumothorax would form, the lung would be collapsed by it, 
and the wound through which air passed would be closed. Only 
in exceptional cases can generalized empli\-sema occur when 
pneumothorax exists. Localized emphysema may be annoj-ing 
but not dangerous; generalized emphysema is often very serious. 

Mediastinal emphysema is also frequent, and although it is 
not dangerous it is much more troublesome than the subcutane- 
ous variety, as it often causes disturbances of swallowing and 
sometimes circulatory and cardiac derangements. It is a fre- 
quent cause of that generalized emphysema which begins at the 
neck instead of originating at the wound. It is also due to 
adhesions. 

Sometimes the air from the lung may pass between the parietal 
pleura and the strata of muscles without becoming subcutaneous. 
This can also occur with an overdistended pneumothorax when 
the wound in the parietal pleura does not close promptly. This 
form of emphysema, although not of great importance in itself, 
is noteworthy for the difficulty in diagnosis that it may produce. 

Broncho-pneumonia. — Patients with thoraco-pulmonary 
wounds often present after the first or second day a considerable 
rise of temperature due to reactive or infective phenomena alor^ 
the tract of the projectile. The two principal causes of the fever, 
which usually ranges between 38° C. and 39° C. for some days, 
are pleuritis and broncho-pulmonary reaction. One cannot say 
whether we are dealing with true brondio-pneumonia or infec- 
tion of the blood, which has been copiously poured out by the 
wound into the bronchi. The clinical symptomatology is that 
of broncho-pneumonia and the elevated temperature is accom- 
panied by purulent and often bloody sputum. Unless masked by 
pneumothorax or pleural effusion we have dullness, and on aus- 
cultation bronchial breathing accompanied by rales. The sputum 
may be bloody even when hemoptysis was not previously noted. 

Broncho-pneumonia occurs not only in direct wounds but also 

pulmonary contusions, and even in these it is sometimes very 
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Faerious. Here also we may be dealing with traomatic broncho- 
pneumonia or with infection of extra\-asated blood. 

Broncho-pneumonia usually nuis a mild course ; its importance 
comes from the fact that it may fa%'or the formation of pul- 
monary abscess or empyema. Sometimes it is bilateraL I believe 
that the infection of the unwounded lung depends on several 
causes. These causes may be the aspiration of the sputtmi by 
the sound side, as occurs in tuberculosis; trainna, such as con- 
tusion, or often the general enfeebled condition of the patient 
due to enforced decubitus. 

Reactive Pleurisy. — Because of the trauma a slight pleural 
reaction is almost constant in all wounds, but a really mariced 
reaction is due to the hemorrhage and to the clots which result 
from it. The latter act as foreign bodies and favor inflammation 
and exudation. Often the formation of an exudate may lead us 
to think that a hemorrhage is in progress ; exploratory puncture 
can alone solve the problem by allowing us to draw off bloody 
fluid instead of blood. Examination of the fluid will corroborate 
the macroscopic evidence by demonstrating a noteworthy increase 
of leucocytes in comparison to red blood corpuscles. Febrile 
reaction is frequent but not constant in pleurisy. If there is 
fever there is always the doubt that instead of a simple pleurisy 
we may be dealing with an empyema ; bacteriological examination 
can alone at the beginning solve the problem. Sometimes pleurisy 
causes considerable dyspnea, either on account of the great vol- 
ume the fluid may attain, or. and this is more important, because 
if it accompanies a pneumothorax it may produce excessive 
tension. 

Pyothorax and Pyo-pneumothorax. — Infection of the pleural 
cavity is rather frequent and may arise either from the wound 
of the thoracic wall or from the wound of the lung. While one 
can easily understand that a projectile which penetrates to the 
iung after passing through the chest wall may deposit micro- 
organisms in the pleural cavity, it is more difficult to see how 
infection may be derived from the lung. Nevertheless, it is my 
conviction that rarely is the infection of parietal origin and that 
the lung is instead the most frequent source. Certainly if the 
breach in the thoracic wall is sufficiendy ample to create an open 
pneiunothorax, and if the projectile, or the clothing attached to 
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it, becomes lodged in the pleural cavity, the path of direct infec- 
tion is very evident, but when the foreign body traverses the lung 
the case is far different. Ilie visceral and parietal pleurae are 
so closely applied to each other that in regard to a projectile 
passing with high velocity through them they may be almost 
considered united. It would therefore be difficult for the pro- 
jectile to give off organisms in the actual space between the 
pleurae. If it gave off any they would be so few that unless 
they were of exceptional virulence they would with all proba- 
bility be destroyed by the defensive power of the pleural endothe- 
lium. In fact, there is much less chance of infection of the 
pleura than there is of an abscess forming between the skin and 
the cellular subcutaneous tissues. Only when a hemorrhage 
forms rapidly can a few bacteria produce endopleural infection, 
inasmuch as they find in the blood the soil in which to develop, 
and in the presence of hemothorax the defensive power of the 
serosa cannot exhibit itself. 

While the projectile may introduce few organisms by way of 
the chest wall, it is quite different in the case of the limg. Given 
a wounded lung, we have seen that hemorrhage is constant If 
sterile blood passes through sterile alveoli it will not produce 
infection, but if the blood comes from a bronchus where micro- 
organisms may be abundant, or rather from the point to which 
the contaminated projectile has passed and where it has become 
lodged, the passage of microorganisms into the hemothorax 
becomes easily possible. However, this mode of infection is not 
the most frequent one. The principal cause of infection of the 
pleura is broncho-pneumonia. I have already said that along 
the tract of the projectile and at the point where it is lodged a 
more or less serious reaction always arises, and that the blood 
shed into the alveoli and bronchi becomes contaminated with 
extreme ease. While at first blood passing through sterile alveoli 
gives a sterile hemothorax, later, when a broncho-pneumonic 
reaction has set in, if. as very often happens, blood is still es- 
caping, it will certainly convey infection by its continued oozing 
and give rise to empyema. That the infection often occurs 
secondarily is demonstrated by the fact that a hemothorax shown 
to be sterile to cultural examination in the first few days may later 
become contaminated. To sum up: Endopleural hemorrhage 
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favors the formation of empyema because it does not permit 
the pleura to exercise its defensive power, but the principal cause 
is the leakage of blood during the broncho-pneumonic period. 
The same thing happens with the pleura as with the peritoneum. 
A severe peritonitis may arise from germs carried into the peri- 
toneal cavity by the projectile, but the chief cause of fatal 
peritoneal inflammation is perforation of the intestine, producing 
a continuity of infection by which every defensive power is im- 
paired. This is demonstrated by the fact that if all the intes- 
tinal wounds can be closed at once a considerable number of 
patients will overcome the infection. To be sure, we cannot 
compare the infective power of a broncho-pneumonic lung with 
that of the intestinal contents, but in the abdomen, on the other 
hand, the fluid, if it is not too extensive, spreads over the 
surface of the viscera, and thus permits of some defensive re- 
action, while in the pleural cavity it collects in the bottom as in 
a box, particularly if a pneumothorax exists, and the micro- 
oi^nisms multiply in it without hindrance. Moreover in the 
peritoneal cavity the omentum easily applies itself to the wound, 
while in the pleural cavity nothing of the kind happens when 
bleeding is going on; for since the lung is retractile the escape 
of blood will produce detachment of the two pleurae instead of 
adhesion. Adhesions will only occur under certain mechanical 
conditions and at a later stage. The great difference between 
Ilie behavior with effusion and without is well demonstrated in 
therapeutic pneumothorax. With a healthy pleura even an im- 
perfect technic rarely causes pleural infection while a hydro- 
thorax which is frequently sterile may be contaminated with 
ease and cause empyema. Experience demonstrates the truth 
of what I have said and shows also that empyema is very rare 
when hemothorax does not previously exist. If infection were 
due to microorganisms directly introduced by the projectile, as 
might happen also in an exploratory puncture, there would be 
no reason for its in frequency. Further evidence is also supplied 
by some cases in which a projectile has produced pulmonary 
abscess but not empyema. Other cases are even more striking 
in which a projectile, after having traversed the lung, has lodged 
subcutaneously. and has produced an extensive and putrid ab- 
scess without having caused infection of the pleura, which is 
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■ certain indication that whatever microorganisms were left 
m the pleara were destroyed. In the histories which I shall 
present later two cases are described in which the projectiles 
with adherent clothing were extracted subcutaneously from tiie 
0(^x}«ite side. Here there were subcutaneous abscesses but no 
cmpremata, and yet the pleural cavity was traversed twice, not 
only by each foreign body but by the cloth which it carried in. 
statistics which I shall bring forward later seem to me an 
absolute demonstration of the source of infection. Since I have 
been evacuating the hemothorax and preventing hemorrhage 
I ha^-e reduced the number of empyemata to a minimal figure; 
'., less than two per cent. 

The empyema which follows hemothorax is grave, often very 
putrid, and not infrequently fatal. It may develop acutely in 
the first few days through direct infection: or after five or six 
days, in consequence of broncho-pneumonia; or later from ru[>- 
ture of the lung. It is not always accompanied by fever ; some- 
times it can be almost or quite afebrile. We not infrequently 
draw off putrid fluid in afebrile patients, especially when caused 
by anaerobes. These are the cases which run the most serious 
course, and they are made worse by the fact that on account of 
the lack of temperature one is apt to intervene late in evacuating 
the fluid. In the face of a very serious infection edema of the 
chest wall appears too late to aid in diagnosis. Besides, it is 
not always characteristic of empyema, as it may originate from 
the thoracic wound itself. The only true diagnostic method, 
therefore, is exploratory puncture with subsequent bacteriologi- 
cal examination. 

On account of the frequent coexistence of pneumothorax, 
empyema, like a simple inflammatory exudate, often produces 
a graver dyspnea than its volume would seem to justify. An 
increase of the exudate may enormously increase the tension of 
the pneumothorax with great displacement of the mediastinum, 
lowering or even inversion of the diaphragm, and displacement 
of the thoracic viscera. We shall see in the discussion on diag- 
nosis, how important is the recognition of these signs. 

Abscess of the Lung. — This condition is more frequent in 
cases where the projectile lodges in the lung than in those in 
which it passes through. This is quite evident because the for- 
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eign body is often infected and the tissues of the lung are ren- 
dered less resistant to infection by the continued trauma tism 
produced by its functional mobility; for tbc same reason the 
development of late infection coming from the boHichi is 
favored. The abscess may de\-elop early with an acute symptom- 
atology, from direct infection a few days after the wound 
occurs, or later, after some weeks or even months. Usually it 
b^ns as a continuation of the brondio-paeurooaic process; the 
fever persists instead of subsiding, the sputum becomes more 
purulent and abundant, and the whole s>Tnptomatc4ogy appeals 
identical with that of ordinary lung abscess, only more serious 
since gangrene may develop. Abscesses may occur in througfa- 
and-through wounds of the lung, and even in pulmonary con- 
tusions as the outcome of a broncho-{>neumonic process. If, 
however, the lung is immobilized by a pneumothorax, abscess 
becomes an extremely rare complication. 

Gangrene of the Lung b of rather rare occurrence; it is 
strange that it is not more frequent, owing to the lodgment of 
a projectile, pieces of clothing, and bony fragments. This 
demonstrates the power of the long in combating infective 
processes. Gangrene is more frequent when a foreign body 
remains in the lung, but it may occur in simple pulmonary 
contusions, either through the putrefaction of blood which has 
invaded the tissues, or as a consequence of broncho-pneumonia. 
These patients often have putrid sputum caused by a localized 
slough of tissue. 
I True, gas gangrene of the lung is still to be definitely demon- 
' stnited. I have seen one case of gas gangrene complicating 
a lung wound, but I could not tell whether the generaliwd 
process b^;an in the lung or the chest wall. I shall speak of 
tiiis in discussing the individual cases. 

Secondary Hemorrhage and Pneumothorax. — Patients with 
lung wounds who seem to be doing well may suddenly have a 
serious hemorrhage or develop a hemothorax or a pneumo- 
thorax which may even be fatal. In the case of a soldier 
wounded in the lung, who died suddenly when getting out of 
bed four weeks after the injury. I was able to make out at the 
autopsy a ver\- copious hemothorax as the cause of death. 
There is often observed in those who for the 6rst few dajrs 
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show only a slight hemothorax, a steadily increasing hem- 
orrhage later on. This is caused by a too early reexpansion 
of the lung before the wound in it is sufficiently sealed. A 
hemothorax or pneumothorax forms at first through the agency 
of the wound itself, then the lung collapses, which favors the 
healing of the lesion. It is noted that some pleurae absorb air 
with great rapidity, while others have much less tendency to 
do so; also that a hemothorax sometimes remains in the pleural 
cavity for months, and occasionally, on the other hand, it is 
absorbed in a few days. The lung wound also may show little 
tendency to heal, either because it is infected, or is filled with 
clotted blood, or the respiratory movements have prevented 
adhesions from forming. Therefore, if because of the too 
rapid absorption of blood or air, the Iimg is allowed to re- 
expand too rapidly, the condition created when the wound was 
fresh will be renewed ; i,e., the wound will gape again and 
allow the establishment of a spontaneous pneumothorax, often 
with all the violent phenomena of pleural eclampsia, or permit 
the renewal of hemorrhage. It is precisely for this reason that 
rest in bed with absolute immobility for a long time is advised. 
The careful study of cases of recurrent hemorrhage has led 
us to our principles of treatment, because they teach the im- 
portance of immobility as well as the dangers of reexpansion, 
and more than all the great value of pneumothorax in the 
process of repair. 

Results of Pleuro- pulmonary Wounds. — It is impossible to 
deal adequately with such a question without first having 
studied the patients, case by case, because the results are not 
simply due to the character of the wound itself, or to whether 
or not the projectile lodges in the lung, but more than all to 
the existence of a more or less extensive hemothorax with or 
without a pneumothorax. Especially does the existence of this 
last fortunate complication markedly better the results. 

All the complications previously alluded to, especially, broncho- 
pneumonia and pulmonary abscess produce serious damage of 
one kind or another. Abscess, e,specially if developing from a 
projectile remaining in the lung, may run a course of special 
gravity, since the adhesions which form may render cure 
difficult. 
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It is asserted that a projectile remaining in the lung is apt 
to produce an abscess at a later date. I have had no experi- 
ence of this kind. I have had but few cases of pulmonary 
abscess and all have rapidly recovered. I do not know how 
much truth there may be in the assertion that pulmonary 
wounds may predispose to tuberculous complications. While 
I am certain that pulmonary wounds per se when serious may 
produce functional derangements afterwards, although never 
very serious, I am convinced that the true gravity of the out- 
come can be generally traced not so much to pulmonary as to 
pleural lesions, and that through them the function of the lung 
may be markedly impaired. On this account a study of the 
results should have as a basis the study of hemothorax, pneu- 
mothorax, and empyema. I shall speak of these at length 
after having dealt with the treatment. At present it is enough 
to say that the results are diminished function of the organ, 
visceral displacements, and deformity of the thoracic wall 
with the consequent disturbances which arise therefrom, and 
which influence especially the respiratory and circulatory 
functions. 

It is ceitain that the cases in which the wound is so slight 
as to produce only a small hemothorax, or those where pneumo- 
thorax alone occurs, may heal perfectly. Against these must 
be contrasted the cases in which pulmonary function is de- 
stroyed and the other lung even affected injuriously. The 
question is of the greatest gravity and has been too much 
neglected, because the impairment will be felt more by the 
wounded man in later life rather than in the first montlis. I 
shall, however, speak of this more in detail after having dis- 
cussed the individual cases. 

Open Pleuro-pulmonary Wounds, — The general symptoma- 
tology which 1 have discussed previously may appear in all 
thoraco-pulmonary wounds, but belongs especially to that form 
with closed thoracic wall. The lesions with open wounds of 
the thoracic wall assume a special character and therefore re- 
quire a separate description. Wounds with an open parietal 
breach are almost always of extreme gravity, either because 
of the nattire of the wound itself, or because of the free pas- 
sage of atmospheric air through the chest wall. These patients. 
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in the severe cases, are excited, complaining continuously, ex- 
tremely dyspneic, and have true air hunger. As time goes 
on, respiration always becomes more frequent and superficial, 
and keeping pace with this, the sense of respiratory pain in- 
creases. Tlie pulse is small and rapid and often death rapidly 
supervenes. This symptomatology, which we generalize by the 
term traumatopnea, is not always so dangerous as it seems. It 
is, however, certain that in comparison with closed wounds of 
the thorax, the open ones present an unusual degree of gravity, 
A similar condition of affairs, but not generally so serious, 
is seen after thoracotomy for empyema. It is, therefore, a 
good rule of technic, in this operation, in order to avoid trau- 
matopnea, to make only a small opening at first in the parietal 
pleura, and then to enlarge it gradually, tlius allowing the fluid 
to escape slowly. However, even with this precaution the 
operation may sometimes be fatal. The cause of this pro- 
found traumatopnea has been studied but no agreement has 
been reached as to its interpretation. Most attribute death to 
the rapid diminution of the respiratory area by the resulting 
pneumothorax, others to the marked oscillation of the medi- 
astinum which takes place, with the consequent traumatism to 
the mediastinal organs; certainly these two causes may have 
considerable importance, but it seems to me that they cannot 
be interpreted as being solely responsible, but must be coordi- 
nated with various other conditions. Since my ideas of treat- 
ment are based on the etiological factors, I believe it is well 
to indicate those which seem to me to be the principal causes 
of traumatopnea. 

These grave symptoms are produced and governed by various 
factors, among which are individual excitability, pleural irri- 
tability, mediastinal conditions, pleural adhesions, and aside 
from other conditions and more than all, the degree of ampli- 
tude of the thoracic breach. It is easily demonstrated that if 
the parietal wound is closed, the above-mentioned grave symp- 
tomatology is often immediately alleviated. 

In speaking of pleuro-pulmonary wounds in general, and of 
spontaneous pneumothorax in particular. I have said that, ex- 
cept in a sudden voluminous pneumothorax, the signs and symp- 
toms are due not to the rapid reduction of the respirator)' area, 
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' but to the irritative phenomena which may be likened to an 
eclampsia of the pleura. Deaths from simple exploratory punc- 
ture are described in the literature; they are, however, so rare 
that they might almost be disregarded. It is, however, certain 
that often after a puncture distinctly severe signs of pleural 
irritation may arise, and especially when pleurisy or adhesions 
exist. Such symptoms are well known in the treatment with 
artihcial pneumothorax, when, for example, as the result of the 
detachment of recent adhesions, they may give some cause 
for alarm. Tlie treatment of these symptoms, however, dem- 
onstrates that they are purely irritative factors, since usually 
a simple subcutaneous injection of morphine causes them totally 
to disappear. Some patients have pleurae so irritable that, ac- 
cording to the advice of Forlanini, it is sometimes well to 
precede the puncture by a local injection of stovaine. Such 
patients at the moment the needle enters the pleura frequently 
give exclamations of pain, and show dilatation of the pupil or 
alternate dilatation and contraction, especially in the eye cor- 
responding to the side wounded. In cases of even moderately 
extensive spontaneous pneumothorax complicated by pleural 
irritation I have often increased the pneumothorax and seen 
the symptoms disappear: a certain indication that they were 
not due to a diminution of the respiratory area. This fact is 
demonstrated clearly in many thoraco-pulmonary lesions with 
dosed wounds of the chest wall with marked irritative 
phenomena, where the increase or establishment of a pneumo- 
thorax sometimes suffices to make these phenomena disappear. 
The relief may be so great that the wounded man begs the 
operator to continue the admission of air, thinking that what 
in reality serves to immobilize the lung directly aids respiration. 
This occurs when the respiratory movements with consequent 
traumatism of the wound keep up the irritative condition. I 
recall a soldier who entered Field Hospital No. 76 for a serious 
pulmonary contusion with hemoptysis, violent respiratory pain, 
and severe dyspnea. Although the pain resisted large doses 
of morphia, it disappeared immediately, and with it the dysp- 
nea, upon the establishment of a pneumothorax of only 400 c.c. 
of air. After some days, the pneumothorax being in part re- 
absorbed, the same distressing symptoms arose, but a new in- 
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jection of air into the pleural cavity was enough to make them 
again disappear. I interpreted the phenomenon as a pleural 
reaction that arose every time the visceral pleura came in con- 
tact with the inflamed parietal pleura, or, more likely, 
small, bony fragments of the fractured ribs. Similar occur- 
rences are often noted when the lung becomes dilated after 
having been compressed for a long time by a pneumothorax 
or fluid. In such cases violent pain or grave dyspnea may 
arise, which promptly disappears when the lung is again com- 
pressed by admitting air to the pleural cavity. All this 
demonstrates that pleural reaction may by itself produce con- 
siderable dyspnea and that it may act quite differently in 
different individuals. It certainly enters into play in trauma- 
topnea, but while having considerable importance, it almost 
always has a secondary and indirect role in the symptoma- 
tology. That we are not dealing with sudden reduction of the 
respiratory area is also demonstrated by the fact that trauma- 
topnea often arises after thoracotomy for the evacuation of 
very large empyemata; that is to say, when the lung was en- 
tirely collapsed and not functionating at all. 

Let us pass to the second assumption, that which concerns 
the oscillation of the mediastinum and which is of very great 
importance in the interpretation of traumatopnea. In every 
case where there is a large breach in the thoracic wall a veri- 
table agitation of the mediastinum may easily be observed. So 
striking is this phenomenon that surgeons are sometimes led 
to grasp the mediastinum with forceps in order to immobilize 
it and thus obtain improvement of the symptoms. 

It is logical to think that all mediastinal organs, and more 
especially the heart with the great vessels and nerves, may be 
deleteriously influenced by this oscillation. While this medi- 
astinal traumatism may have a great influence, and perhaps 
sometimes the greatest influence in causing traumatopnea, in 
most cases the oscillation of the mediastinum is important, not 
so much on account of the harm it may do its contained vis- 
cera, as because of the pleura! reflexes which it may arouse and 
maintain, and through the effect that it may have on the 
respiratory function of the other lung. It is on these points 
especially that I wish to dwell. I accept, with amplification. 
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fthe concepts of the oscillation of the mediastinum as expounded 
1 by Garre. 

I have said that in the wounded the degree of traumatopnea 
I is generally governed by the size of the wound in the chest 
I wall; the larger the opening the easier is the passage of air 
I from the outside into the pleural cavity. It is common practice 
' to close the hole in the chest wall by some means or other in 
order to alleviate the symptoms and lessen the danger. There 
is a multiplicity of methods, beginning with the simple appli- 
cation of gauze, and including tamponade, suture of the wound, 
and even fixation of the lung itself to the edge of the thoracic 
wound. I have said that a vigorous oscillation of the medias- 
tinum is almost constantly observed. Considering this more 
in detail, it will be observed that during inspiration the medi- 
astinum is drawn towards the functionating lung, while during 
expiration it is drawn toward the retracted lung. This is easily 
explained. 

Let us analyze the mechanism of respiration imagining for 
a moment that we have a wide thoracic opening. Normally 
the mediastinum remains stretched in the middle line because 
it is drawn upon by the two lungs by forces which may be 
considered equal and opposed. Through the thoracic aperture 
a spontaneous pneumothorax is formed and the lung on the 
injured side collapses totally, thus losing the power of traction 
that it had. As the result of this the mediastinum will only 
be acted upon by the retractile force of the sound lung, toward 
which it will move as far as the relaxed conditions of the chest 
walls and its own elasticity will permit. It is, however, known 
that the pressure in the bronchi and alveoli during respiration 
undergoes great modification, and, to be more precise, that it 
becomes negative in inspiration and positive in expiration. 
Since atmospheric pressure constantly persists in the hemi- 
thorax which is wide open, during inspiration the stretched 
mediastinum is subjected to a greater displacement toward the 
sound lung; in expiration it will be driven toward the injured 
hemithorax and the displacement will become the greater the 
higher the endopulmonary pressure becomes, that is to say, more 
in forced expiration and coughing than in normal breathing. 
Returning, however, to the mechanism of respiration, we know 



that by the dilatation of the thorax and the consequent dilata- 
tion of the alveoli, air is led to enter the lung through the 
trachea and the narrowed rima glottidis. If another opening 
into the thorax exists, the air, instead of entering by this natu- 
ral passage in which it encounters an obstacle, will enter 
preferably through the other, i.e., the opening in the chest 
wall, especially if the latter be widely open, just as happens 
with a tracheotomy opening in a case of stenosis of the larynx. 
The lungs, however, are separated, and, tlierefore, when the 
sound hemithorax dilates a certain volume of air must enter 
by way of the trachea. Hence arises the great importance of 
the size of the perforation and of the oscillation of the medi- 
astinum. Let us consider the first factor. The dilatation of 
both sides is synchronous and symmetrical; the force which in 
one hemithorax is exerted to produce inspiration is also exerted 
on the other. Now I consider it logical to think that if the 
thorax in its dilatation finds on the one side an easy way for 
air to enter, and on the other a difficult way, there will be a 
tendency to respire by the easier, or extra-tracheal way, which 
is, of course, absolutely useless for the chemical exchange of 
gases in respiration. Thus there will be established an oblique 
type of respiration with a powerful dilatation of the injured 
side and a minimal dilatation of the sound side. If, on the 
other hand, the thoracic wound is small, smaller than the laryn- 
geal orifice, such, in fact, as to make the passage of the air 
more difficult this way than by the trachea itself, the air will 
pass in greater volume through the trachea and the sound lung 
will have the respiratory advantage. It can be asserted, in short, 
that with an open thoracic wound respiration will occur for the 
greater part through the opening which offers the lesser resist- 
ance. For the greater part and not totally will this occur be- 
cause a certain inspiratory dilatation also takes place even in 
the sound hemithorax, and the volume of air so inspired, even 
if small, is almost always sufficient for the respiratory chem- 
istry, since rapidity of breathing takes the place of volume. 

To explain completely, therefore, the serious and sometimes 
fatal dyspnea, we need to consider also the oscillation of the 
mediastinum. I have said that in expiration we have positive 
pressure in the bronchial tree and tliat therefore the mediasti- 
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pushed to the injured side, and that in inspiration we 
,ve negative pressure, and that therefore the mediastinum is 
,wn to the sound side. This endopleural want of equilibrium 
is due to the fact that in a unit of time too small a quantity 
of air can enter or leave by the rima glottidis in comparison 
with the rapid increase or decrease in capacity of the thorax 
during the respiratory movements. The narrowed glottis which 
serves normally to regulate the respiratory velocity, and for 
the vocal function is a source of danger in the pathological 
cases which we are describing. If the whole thoracic cage 
exerts pressure on the lungs, the air will be expelled from the 
two lungs and will be obliged to find its exit through the glottis 
even if it be stenosed, since the compressing parts present no 
yielding points. If such points existed, there would be expul- 
sions of the lung; just as may happen in pulmonary diaphrag- 
matic herniae. If, however, there is an open hole in the chest 
wall, the conditions surrounding the sound lung are totally 
changed. While, in fact, the resistance is preserved on two 
sides, it is lost on the mediastinal side, and therefore on ex- 
piration, counterpressure not existing on all sides, the lung 
will, if I may be pardoned the expression, herniate on the 
mediastinal side, and the air, instead of leaving the lung en- 
tirely, will remain in it to a considerable extent. With a new 
inspiration, however, the reverse will happen. The air will find 
the norma] difficulty in entering the glottis, but the inspiratory 
force not being normal, because the mediastinal side is lacking 
in resistance, this side, which before made an external hernia, 
will now be sucked in toward the side of the sound lung, caus- 
ing what might be called an internal hernia. The harm done 
will be very great, since the dilatation of the thorax will not 
have succeeded in inspiring air from the outside, but in draw- 
ing in the mediastinum, that is to say, in inspiring, if I may use 
the phrase, air already inspired. It could even be said that 
could the mediastinum oscillate freely and were the glottis en- 
tirely closed, dilatation and contraction of the thorax could still 
go on, since the place of the respiratory air would be taken by 
the to and fro movements of the mediastinum. It is evident 
that the movements of the mediastinum produce such a poor 
ventilation of the lung on the sound side that a true asphyxia 



results. Seen from this point of view, it is well understood 
why respiration is better with a small opening in the chest wall, 
because in inspiration the mediastinum will be less rapidly 
drawn in, and therefore in a unit of time more external air 
must enter the sound lung through the trachea. In expiration, 
on the other hand, the mediastinum being able to exert a cer- 
tain counterpressure, since it is supported by the pneumothorax 
itself, which on account of the small opening behind it can only 
be reduced slowly, the air will be obliged to go out through the 
trachea. This fact is well demonstrated when I apply to open 
chest wounds, — as I sometimes do, and as I shall better ex- 
plain when dealing with treatment, — balloons fitted with drain- 
age tubes, the caliber of which I can alter according to whether 
the respiratory function grows better or worse. From these 
facts one will now well understand why even in a pneumothorax 
under high tension there may be no dyspnea although there is 
maximum diminution of the respiratory area. This is because 
the dyspnea is not due to the reduction of respiratory area but 
to the hernia of the lung in expiration. In a closed pneumo- 
thorax hernia cannot occur, because the greater its tension the 
greater is the counter-resistance which will be made in the ex- 
piratory phase; and this counter-resistance will almost take the 
place of the thoracic wall itself. This is perhaps the reas(Mi 
why some individuals when treated by therapeutic pneumo- 
thorax breathe better when the tension is high than when it 
is low. 

In conclusion : traumatopnea, accompanying the easy passage 
of air through the thoracic opening, is due in small part to the 
fact that the thorax can breathe more easily through this aper- 
ture than through the trachea, but in greater part to the fact 
that the large-sized aperture which permits an easy passage of 
air prevents the mediastinum from opposing counter-resistance, 
and that therefore the lung inspires or expires itself instead of 
drawing air freely from the outside. I affirm that the lack of 
counter-pressure of the mediastinum is of greater importance 
in the cau.sation of traumatopnea, than is the substitution of 
respiration through the wound in the chest wall, for that through 
the trachea; otherwise a pneumothorax of such high tension 
to abolish all respiratory movement of the affected lung, 
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in deep inspiration, wouM produce the same respiratory dis- 
turbances, which it does not. 

i have stated that mediastinal conditions and pleural adhe- 
sions are very important. They are especially so if they anchor 
the mediastinum and impede its oscillation. For this reason, 
while in the wounded traumatopnea is in general very pro- 
nounced, it is less serious after thoracotomy for empyema, either 
because in this latter case the mediastinum has become thick- 
ened itself and is not easily moved, or because the collapsed 
lung has become adherent, thus indirectly immobilizing the 
mediastinum. 

That the individual reaction and the pleural reflex may be 
of great importance is shown by the fact that while during 
the first hours after the receipt of a wound we may have great 
dyspnea, later, witli the same thoracic opening, the dyspnea 
may disappear. This is easily understood, for, if on account 
of the pleural reflex the patient's breathing is disordered and 
forced, the harm already spoken of will be tremendously in- 
creased both on inspiration and expiration, forming a vicious 
circle in which excitement acts on the respiratory mechanism, 
and vke versa. If. on the other hand, the breathing is calm, 
the danger rapidly diminishes. It is logical to suppose that if 
expiration were so slow that in a unit of time the exit of air 
by the trachea were proportional to the retraction of the thorax, 
positive expiratory pressure would not exist at all in the lung. 
Therefore the lung, instead of becoming herniated and causing 
the mediastinum to bulge, would empty itself, because it has 
considerable inherent retractile force. I f the patient could 
leam to fix the injured hemithorax in inspiration and to in- 
spire with the other side, just as happens in patients in the treat- 
ment of spontaneous pneumothorax, another of the dangerous 
factors would be eliminated. 

When I am about to do a thoracotomy I perform a thora- 
centesis some hours before I open the chest, and substitute air 
for the fluid by the method which I shall describe. In this 
way I succeed in extracting all the fluid without upsetting the 
equilibrium of the pressure. In this way I avoid pleural irri- 
tation and succeed also in accustoming the patient to breathe 
with the sound lung, since the hemithorax full of air remains 
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in the position of inspiration. As a result there is no reaction 
on the part of the individual when I open the thorax, and no, 
or very slight, symptoms of traumatopnea; often not even a 
cough, and sometimes even a sense of relief if the pneumo- 
thorax was under too great tension. 

To sum up: Given a large thoracic wound, the dangers are 
(i) too rapid reduction of the respiratory area; (2) the ap- 
pearance of the pleural reflex and especially cough; (3) oscil- 
lation of the mediastinum with resuhing asphyxia. The first 
two factors aggravate the third on account of the dyspnea, and 
more especially the rapid breathing which they produce, render- 
ing dangerous the symptoms already serious on their own ac- 
count. My ideas of treatment are derived from what I have 
said above, and I shall discuss them at length when speaking 
of therapy. They have to do with the administration of nar- 
cotics, opiates in particular, and the closure or diminution of 
the thoracic wound. 

Hemorrhage. — I have said that traumatopnea may be ac- 
companied or followed by more or less serious hemorrhage. 
The behavior of the hemorrhage is quite different from that 
in closed thoracic wounds and on that account merits special 
mention, It may, moreover, originate from either the tho- 
racic wall or the lung. Since the wound in the chest wall is 
large and the ribs are sometimes injured, one would expect 
hemorrhage from the intercostal artery to be constant or fre- 
quent; on the contrary, it is very rarely seen. I have never 
yet encountered it, consequently I have never had to tie the 
artery. The study of cases in which a large opening often 
permits direct vision of the vessels has convinced me that 
hemorrhage is almost always of pulmonary rather than parietal 
origin. Since the intercostal artery is torn instead of cut, it 
retracts and effects spontaneous hemostasis. It is not sufficient 
to find a lesion of the intercostal artery at autopsy to be sure 
that the hemorrhage originated there, but it must be found 
to be the only vessel injured imd the lung must be found in- 
tact. It is also striking that a few days after the wound is 
incurred it is often difficult and even impossible to find the 
opening in the visceral pleura. In some cases I have failed 
to find it even when the projectile remained in the lung. 
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Hemorrhage of pulmonary origin manifests itself either as 
a hemothorax or as heraoptysis. While it would seem that a 
shell wound caused by a projectile which is ahnost always 
bulky and irregular in contour ought to cause an extensive 
hemorrhage, in reality it does not so happen, and instead hem- 
orrhage is very often slight or absent. The reason is evident 
since through the prompt formation of a spontaneous pneumo- 
thorax' the lung collapses and so does away with two important 
factors in the formation of a hemothorax, namely, the negative 
aspiratory pressure previously existing in the pleural cavity 
and the movement of the lung. If, however, the hemorrhage is 
of such a degree tliat it cannot be checked by simple collapse 
of the lung, it almost always becomes uncontrollable and fatal. 
While simple retraction of the lung often suffices for the contrcrf 
of a hemorrhage when the thoracic walls are closed, especially 
if spontaneous pneumothorax coexists, the ouUook is bad when 
hemorrhage persists after retraction has occurred. These hem- 
orrhages are the very ones which cause death before the surgeon 
can intervene with operative procedures. 

Since the wound in these cases is almost always caused by a 
projectile of irregular contour which carries in bony fragments 
or pieces of clothing and the wound itself remains open, the 
outcome is usually infection of the pleura and frequently in- 
fection of the wound in the lung. Reactive broncho-pneumonia 
, may be considered constant; abscess is more frequent than 
when the wound is closed; gangrene is not infrequent. 

In conclusion : In open pneumothorax three symptoms acquire 
special significance, — traumatopnea, hemorrhage, and pleural 
infection. In comparison to the others the mortality in this 
type of wound is considerably elevated. While Duval gives 
20 per cent mortality for closed chest wounds, he reports 
30 per cent for this class. We shall see later how even in 
these cases an early intervention may produce great benefit. 

Contusion of the Lung. — I mean by contusion of the lung a 
lesion produced by a projectile which has not penetrated the 
lung, but which has struck the thoracic wall and has produced 
its effects on the lung only indirectly. The wound of the chest 
wall may be more or less serious; sometimes it is dispropor- 
tionate to the gravity of the pulmonary lesion. The projectile 
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may have produced a simple contusion of the thorax which by 
contre coup has caused a contusion of the lung, or it may have 
gone through the chest wall grazing the parietal pleura without 
having wounded it, or it may even have entered and passed 
out of the pleural cavity and contused the lung, having per- 
forated the parietal pleura and grazed the visceral pleura with- 
out having broken it. On rare occasions tlie contusion may 
be so extensive as to produce rupture of the visceral pleura 
in addition to contusion of the lung; on such an occasion the 
symptomatology becomes much like that of a direct pulmonary 
wound, and perhaps it is often really such, because produced 
by an injury of the ribs or by a fragment which has broken 
the pleura. Contusion, however, assumes sufficient importance 
to acquire an entity of its own only because in the majority of 
cases there is a lesion of the lung not involving the visceral 
pleura, and therefore a quite different symptomatology is caused 
than that which is described for wounds of the lung. 

Hemoptysis is a constant sj-mptom of contusion; hemothorax 
and pneumothorax are constantly absent, or, rather, hemothorax 
and pneumothorax of pulmonary origin are constantly absent. 
It is precisely the absence of these two signs in connection 
with the presence of bloody sputum which leads us to diagnos- 
ticate contusion. I have already said that while in a direct 
wound of the limg we may or may not have hemoptysis, but 
that hemothorax and pneumothorax are constant, in contusion, 
instead, these two signs may be, or rather are, constantly ab- 
sent, while hemoptysis is always present. Moreover, I have 
given the reason for this. Hemothorax and pneumothorax 
in wounds of the lung are due to the fact that the negative 
pressure in the pleural cavity acts on the wound of the lung 
and sucks blood and air into the pleural cavity. On the other 
hand, in contusion of the lung, the visceral pleura being intact, 
such an aspiratory force cannot be exerted on the lung, and the 
blood which is shed will only have a single mode of exit, that 
is by way of the bronchus. 

Pleural reflexes and pain, at least at first, are generally less 
marked than in direct wounds. H, as often happens, reactive 
pleural inflammation arises later, the pain may be acute. 

In extensive pulmonary contusions broncho-pneumonia ts fre- 
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quent. Sometimes it is very serious, even worse than in direct 
wounds, and pulmonary abscesses may result. I have had a 
much higher percentage of pulmonary abscesses in contusions 
than in direct wounds. This is explainable because at first I 
did not intervene with pneumothorax in contusions, and there- 
fore I had abscesses of pulmonary origin, while in direct 
wounds I was accustomed to intervene by compressing the lung. 
Since I have also intervened in contusions, abscesses as com- 
plications have disappeared. 

Reactive pleurisy is frequent if one allows the lung to func- 
tionate; that is to say, if one allows the pleurae to remain in 
contact and thus augment the trauma. Pleural friction and 
a more or less copious exudate are frequent. 

The diagnosis is based on observation of the character of 
the surface lesion, which often is only a contusion, or on the 
direction of the wound, which, in case it be penetrating, will 
be tangential and not perforating; but more than all, it must 
be based, as I have said, on the contrast between absence of 
hemothorax and pneumothorax and the presence, on the other 
hand, of hemoptysis, sometimes sufficiently serious and obsti- 
nate to last weeks and months. The presence of mobility of 
the lower margin of the lung is of much value in excluding 
the presence of air or of blood. 

The prognosis is better than for direct wounds, since the 
hemorrhage is less and the septic complications of the pleura 
are absent. Sometimes, however, the course is very serious, 
chiefly on account of broncho-pneumonia. However, here also, 
since 1 have been intervening actively, the prognosis has become 
better, because broncho-pneumonia is more serious the more 
blood there is extravasated into the alveoli. In contusion, 
therefore, direct intervention will with almost absolute cer- 
tainty not only stop the hemorrhage but render less likely any 
infection. 




General Principles. — The gravity of thoraco-pulmonary le- 
sions is apparent from the mortality statistics, and it is also 
apparent from a study of symptomatology that one can, and 
must, do much to diminish their immediate and late dangers. 
We have seen already, in cases of hemothorax particularly, 
what part the presence of air in the pleural cavity can play. 
We have stated as a general thesis that the volume of the 
hemothorax is in inverse ratio to the volume of the pneumo- 
thorax. This assertion suffices to govern the problem of treat- 
ment. Let us recapitulate, however, the injurious effects caused 
by a pulmonary wound and the factors which force us to 
intervene. 

1. Acute pleural eclampsia, maintained or aggravated by 
the movements of the lung. 

2. Interference with the healing of the wound, and difficulty 
in the encystment of the projectile because of the mobility of 
the lung. 

3. Acute hemorrhage, which may attain many liters with 
consequent severe anemia, which is the graver the more rapid 
the loss of blood. 

4. Loss of blood by continuous oozing, which may aggra- 
vate the initial hemorrhage. 

5. This oozing of blood is also important because each drop 
of blood may carry microorganisms from the lung, which will 
infect the hemothorax and form an empyema. 

6. If there is an initial infection of the pleural cavity, either 
by way of the chest wall or by way of the lung, the effused 
blood is not only the best culture medium for microorganisms 
but it will prevent the pleural endothelium from exhibiting its 
own defensive powers. 

7. The blood often produces coagula and abundant deposits 
of fibrin on the surface of the pleura, which favor thick and 
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tenacious adhesions. The harm they produce is serious, be- 
cause there results thor<Lcic deformity and diminution of pul- 
monary function. 

8. If empyema develops and a thoractomy therefore be- 
comes necessary, the lung, tied down by adhesions, has slight 
tendency to dilatation, the pneumothoracic cavity cannot ob- 
literate itself, and cure is delayed or rendered impossible with- 
out a destructive operation. 

9. Blood left to itself is absorbed with great difficulty and 
may remain more or less fluid in the pleural cavity for weeks 
and months, increasing tlie injuries already mentioned. It re- 
mains shut up as in a vessel whose walls have fost the capacity 
for absorption, much like what sometimes happens in thera- 
peutic pneumothorax with hydrothorax. 

10. Occasionally, on the other hand, the blood is absorbed 
too rapidly; many liters may be absorbed in a few days. If 
the absorption occurs before complete healing of tlie pulmonary 
wound, the latter may reopen with fresh iiemorrhage, new spon- 
taneous pneumoithorax, and eclamptic fjienomena. 

11. In the case of a pneumothorax this point is even more 
important, because if the pneumothorax is slight or if the air 
is absorbed too rapidly the lung will redilate before healing 
takes place and the hemothorax will recur or become increased. 

12. Sometimes the pneumothorax may be under excessive 
tension and may cause harm through the dyspnea which it 
produces. 

Repeatedly we have spoken of the important part played by 
negative pressure in the pleural cavity in regard to the develop- 
ment of hemorrhage. We have also dealt with the value of 
pneumothorax, which, besides eliminating the aspirating power 
of the pleural cavity, also favors, by immobilizing and com- 
pressing the lung, the healing of the pulmonary wound. We 
have further explained the harm done by hemothorax. Any 
system of treatment must seek to eliminate these injurious 
factors, and we must accept as logical a procedure which can 
be demonstrated not to be dangerous in itself and easy of ac- 
complishment. I claim ( I ) that by producing a pneumothorax 
one obtains immobilization and compression of the lung and 
favors therefore both the healing of the wound and the en- 
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cystation of any projectile remaining in the lung; (2) that 
because of the pneumothorax the movement of the lung and 
the suction ceases, and therefore hemorrhage can be prevented 
if it has not already occurred, or it can be checked if it is not 
too severe; (3) that if hemothorax already exists it should be 
evacuated, and that it can be evacuated without danger if air 
is substituted for the blood simultaneously, and in such a man- 
ner as not to dilate the lung. 

To any one acquainted with therapeutic pneumothorax these 
ideas must appear very logical. I only propose, in short, to 
apply to wounds of the lung the concepts of my teacher. Pro- 
fessor Forlanini, formulated for the treatment of phthisis, of 
lung abscess, of bronchiectasis, and of serious hemoptysis. It 
seems logical to me to assert that if a process like phthisis 
may be healed by immobilization of the lung, with even more 
reason should simple wounds be cured in the same way. I have 
carried out these ideas since 1910 in the treatment of spontane- 
ous pneumothorax. For the treatment of spontaneous pneumo- 
thorax the majority of authors advised, and many still advise, 
the aspiration of the endopleural air whenever its tension is 
increased, in order to diminish the dyspnea. Various means 
were suggested, some based on simple extraction, others on the 
idea of producing a permanent aperture in the thoracic wall in 
order to maintain the pneumothorax at atmospheric pressure. 
Some few counseled that the pneumothorax be left to spontane- 
ous absorption. After having shown that the dyspnea in the 
majority of cases was due not to the reduction of the respira- 
tory area but to the phenomenon of pleural eclampsia, I as- 
serted that except in cases of pneumothorax under too great 
tension not only should one not extract the air from the pleural 
cavity, but one should instead put in more air and maintain by 
added amounts a sufficient tension to guarantee immobility and 
compression of the lung, I wrote at that time ^ as follows : 

" The treatment employed up to now originated, I think, 
from the common belief that the collapsed lung, or the lung 
which has been compressed, becomes atelectatic and finally 
undergoes a fibrous change. The artificial pneumothorax of 
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Forlanini, now largely used in the treatment of pulmonary 
phthisis, seems to demonstrate that this does not happen. In 
his latest work Professor Forlanini has described various cases 
in which after years of compression the lung was able to redilate 
and take up its proper respiratory function. He cited a case in 
which function was reestablished after eight years of compres- 
sion. On account of these results I believed that I could also 
modify the treatment of spontaneous pneumothorax and I was 
led in this direction especially from having been able to study 
in our clinic some cases of very grave pulmonary phthisis in 
which an extensive spontaneous pneumothorax had occurred as 
a complication. In such cases Professor Forlanini not only 
maintained the spontaneous pneumothora.\ but continued it as 
a therapeutic pneumothorax with the introduction of nitrogen. 
The results were marvelous; one of these patients who had been 
in agony after the occurrence of the spontaneous pneumothorax 
was able to leave the clinic totally cured after little more than 
a year. I asked myself if what Professor Forlanini, with the 
intuition of genius, had done for the cure of phthisis could not 
be done for the cure of l>neumo thorax itself by whatever cause 
produced. If, in the case cited, Professor Forlanini had been 
able to bring about the healing of a lung almost totally de- 
stroyed, with greater reason, it seemed to me, it would be pos- 
sible by the same means to obtain the cure of a simple pulmonary 
fistula, either in a tuberculous or an emphysematous lung, or in 
one othenvise injured. The results have agreed with my 
reasoning. 

" I believe that the course to be followed in treatment is the 
following: As soon as the formation of a pneumothorax is 
recognized one should employ before all others the treatment 
indicated by the urgency of the case, which should be based on 
the application of local soothing physical agents and on the 
administration of general sedatives (bromide, chloral, and es- 
pecially opiates, etc.) and cardiac stimulants. Next, the pres- 
sure of the air which ha;; entered the pleural cavity should be 
measured by inserting a needle in communication with a water 
manometer. If the pressure is excessively high the extraction 
of a certain quantity of air is indicated: if, on the other hand, , 
the pressure is low, not only is extraction coiitraintlicated, but 
it is then necessary to introduce enough air into the pleural 
sac to cause compression and immobility of the lung. The 
admission of more air usually does not even momentarily ag- 
gravate the condition of the patient; often it promptly amelio- 
rates it. During the latter course of the disease one should 
follow by frequent use of the needle the absorption of air, which, 
it will be noted, is rapid at first and then slower. One should 
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' offshoot of the idea already aocepted for the treatment of 
phthisis. 

The oppositicm to the treatment b derived in part from the 
{2.vlty study of statistics, but is chiefly based oa the folknrtt^ 
assertions: 

1. The air pat into the pleural cavity win escape dibcr 
through the chest wall or the lung. 

2. The air may be in itself a souitx of infection. 

3. The estabUshment of a pneumothorax and the evacua- 
tion of a hemothorax with the substitotion of air may cause 
embolism. 

4. The hemothorax should not be evacuated because it serves 
for the compression of the hing and therefore diedcs the 
hemorrhage. 

It is easy to answer the &^t statement by asserting that when 
a wounded man reaches the hospital the parietal wound is 
almost always sufficiently closed for a pneumothorax under 
tension to be formed. At any rate, if the wound is not suffi- 
ciently closed to permit this a pnconwthorax of less than at- 
mospheric pressure will be of benefit The establishment of 
such 3 pneumothorax is of great advantage, because it will 
pennit the relaxation of the lung and will secure, if not com- 
pression, at least immobility of the organ. If the wound were 
gaping and a strong pressure were necessary to check active 
hemorrhage, we should have recourse to the pneumatic sacs for 
the closure of the chest wall, which I shall describe in dealing 
with (^)en pnetmiothorax. 

The escape of air by way of the lung only takes place ex- 
ceptionally. In many hundred cases I have never seen it hap- 
pen. This is logical, since the more the lung becomes retracted 
through the entry of air into the pleural cavity the more it 
will diminish in size and the more the wound will dose- This 
closure will be the more efficacious if compression follows re- 
traction, just as a valve will close the more tightly when it 
is applied forcibly to its seat. If the air were compressed ii'a 
the trachea the contrary would happen, since there would then 
be a tendency to open the spongy lung instead of closing it. 
Vet there are those who advise the use of the pressure cabinet ! 
Only when pleural adhesions hold the wound open and prevent 
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pulmonary collapse could there be an exit of air via the 
lung. 

The second objection is not serious if one considers air itself 
as a carrier of infection. Therapeutic pneumothorax is an old 
enough procedure to demonstrate the contrary unless one is 
willing to admit that sterile air in sterile surroundings can carry 
infection. There is, however, an objection of great importance 
which has been raised in this connection, although I have never 
seen it arise, and which can only be set aside by the results of 
large experience. It may be suggested that there may be foci 
of infection isolated by adhesions at the point of the wound 
and that a pneumothorax by detaching or preventing these 
adhesions from forming may destroy this natural power of 
isolation. I repeat, however, that experience has shown me 
that the number of empyemata become much less if the lung 
is compressed early, which demonstrates that it is always prefer- 
able to prevent the exit of infective products from the lung 
instead of isolating them by means of pleural walling-off after 
they have escaped. As a matter of fact it is not true that 
adhesions readily form at the point of the wound. If they are 
found to form it is because adhesions previously existed in the 
neighborhood of the wound which did not allow the lung to 
become detached. The great difference between wounds of 
the abdomen and of the pleura is that while the peritoneal 
serosa has a tendency to apply itself to the wounded intestines 
unopposed by any active force acting against this adhesion, the 
reverse happens with the pleura since the lung retracts and the 
two serous surfaces become separated. Air and blood escap- 
ing from the wound as well as the pulmonary function itself 
tend to increase this separation. This fact represents the great 
natural defense of the lung, which by its separation from the 
parietal pleura becomes smaller and so closes the wound. 

The third assertion, regarding embolism, is indeed quite seri- 
ous. That embolism may result from a defect in technic is not 
sufficient to contraindicate intervention, for the operative pro- 
cedure, while delicate, can be mastered with ease. The use 
and exact reading of the manometer enables us to prevent 
this danger just as it enables us to prevent it in the production 
of therapeutic pneumothorax. This is all the more true because 
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if it is difficiilt to put gas into the pleural cavity of phthisical 
patients on account of the frequent adhesions, less danger exists 
with young soldiers, whose pleurae are almost always free and 
in whom there already exists very frequently a more or less 
voluminous pneumothorax due to the wound. If some danger 
existed formerly, we shall see from a study of the improved 
apparatus how embolism can surely be avoided even by one who 
has not had great experience in therapeutic pneumothorax. 

On the other hand, many said that intervention was contra- 
indicated and advised against it. because they claimed that 
therapeutic pneumothorax for the cure of phthisis was quite 
different from that of a thoraco-pulmonary wound. In the 
former, they said, the visceral pleura was intact, while in the 
latter there was an open wound so that the air might directly 
enter the vessels of the lung from the pleural cavity. Some 
studiously inclined person maintained that the pressure of the 
pneumothorax would overcome the pressure in the pulmonary 
veins and that the air would therefore find its way to the heart. 
Others — and this was even more serious — asserted there was 
an inherent tendency in the pulmonary veins to absorb air since 
negative pressure existed in them, in the same way that embo- 
lism may occur from a wound of the jugular vein. 

Today, after having pro<luced pneumothorax in about a 
thousand cases without a single embolus, I ought to be able to 
put a stop to any discussion by stating that experience proves 
these objections, if theoretically possible, to be without con- 
firmation in practice. Moreover, I believe that even theoreti- 
cally the danger of embolism from the spontaneous entrance of 
air into the veins is inadmissible. 

It must be noted first of all that the pressure of therapeutic 
pneumothorax is absolutely minimal, A pneumothorax is con- 
sidered already under tension when it reaches a positive pres- 
sure of lO to 20 cm. of water. The pressure of blood in the 
veins is almost always measurable in centimeters of mercury. 
However, let us analyze thoroughly the conditions attending 
wounds of the different blood vessels. 

In a pulmonary wound arteries may be wounded in which 
the pressure is elevated as well as vessels with minimal pres- 
sure, or perhaps even vessels with negative pressure. The endo- 
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pleural hemorrhage, therefore, will be due to blood flowing with 
clearly positive pressure assisted by the aspiration ex vacuo, 
or to blood which is made to flow because the endopleural 
aspiration is superior to that within the vessels. It is exactly 
on this account that the vessel remains open. When we began 
the introduction of air with the classic instrument of Forlanim 
we actively forced the air to hasten the operative procedure. 
In reality, however, until the lung is collapsed, we only allow 
the air to be aspirated into the pleural cavity just as occurs 
with a spontaneous pneumothorax, as is easily demonstrable 
with the instrument which I have devised. That is to say. in 
establishing a pneumothorax we allow the entrance of the air, 
which is sucked into the pleural cavity by the same negative 
pressure which aspirates blood from the veins. In other words, 
air flows from the apparatus as blood flows from the vessels, 
because of the same aspirating force. For the same reason, 
step by step as the pneumothorax becomes established, the con- 
tracting force of the lung will be diminished as the viscus 
becomes smaller, and at the same time the bleeding will diminish 
because the vessel will become closed. In short, the vessel re- 
mains open and the blood finds its exit only so long as its 
pressure is superior to that of the pneumothorax. Therefore 
embolism is impossible. 

Carrying the reasoning further and considering the pulmonary 
veins, can one with certainty assert that negative pressure exists 
in them? 

Is not the aspiration of the veins of the neck and of those 
which are endothoracic but extrapulmonary confounded with 
that of the endopulmonary ? To what is the aspiration due? 
To nothing else but the negative pressure of the pleural cavity 
which is increased in inspiration. It is well known that this 
aids in the return of venous blood; this aspiration is due to the 
difference between the resistance of the lung and the power of 
the inspiratory muscles, and is exerted upon the vessels which 
are contained in the field of the inspiratory force. It increases 
their capacity and helps them to refill. This, on the contrary, 
is not the case with the vessels in the lung which are outside 
the aspiratory influence. While it must be admitted that a cer- 
tain aspiration may be exerted upon the veins of the lung 
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through another mechanism, it ceases immediately upon the 
establishment of a pneumothorax, because that which eliminates 
the aspiration ex vacuo eliminates at the same time aspiration 
in the veins and therefore the possibility of embolism. This 
will appear ail the more clear, I repeat, if we note that with 
an intact visceral pleura the endopleural negative pressure can 
bring about a tendency to produce a lowering of pressure in 
the vessels, but that with the pleura injured the open vessel 
has no such influence acting upon it, and aspiration instead is 
exerted directly on the bleeding vessels and prevents the entrance 
of air into them. Whereas before the negative pressure in exert- 
ing suction upon the pleura dilated the lung, now, exerting 
suction on the walls of the wound in the lung, it draws air and 
blood into the pleural cavity. 

The hypothesis of embolism through aspiration could only 
have a certain value if we admitted that the left auricle pos- 
sessed a considerable aspirating power on venous blood. We 
know, however, that even if aspiration by the atrium existed, 
it would also be due to the negative endopleural pressure. In 
all events the aspiration exerting itself on the venous injury 
would have a tendency to close it like a valve, on which suc- 
tion is applied, rather than to hold it open. This mechanism, 
in short, is not favorable but unfavorable to embolism. Pneumo- 
thorax will only accentuate the closure of the veins. To con- 
sider an embolus possible in a mechanical way one would have 
to admit that the atrium had a considerable aspiratory force 
in itself and that the vessel was by chance held open by an 
adhesion acting as a bridle. With the pulmonary veins this 
chance would be even more remote, since besides the retraction 
of the vessels the pulmonary retraction favors the closure of the 
veins. 

In conclusion: It is easily comprehensible that some veins, 
such as those of the neck, which, on account of special anatom- 
ical conditions cannot totally collapse, in inspiration are aided 
in emptying themselves, and may even inspire air through a 
perforation. This is not true of those ruptured in the pleural 
cavity because the negative pressure which is exerted directly 
and not indirectly upon them will cause them to bleed. When, 
either on account of the formation of a pneumothorax or hemo- 
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thorax the aspirating' force has ceased, the force which might 
bring about the possibility of embolism will also cease. If the 
dreaded danger of embolism really existed it ought to be mani- 
fest in rupture of the pulmonary vessels without involvement 
of the pleura, as in the hemoptysis of phthisis rather than in 
wounds where the pleura is broken, since in these cases not 
only does the power of inspiratory suction remain as a cause 
of aspiration in the veins, but there is in addition this great 
difference that while in the pleural cavity in every phase of 
respiration negative pressure always exists, in the alveoli posi- 
tive pressure occurs in the expiratory phase. An open vessel 
under negative pressure with alveolar air under positive pres- 
sure, especially in coughing, should present the ideal conditions 
for embolism ; yet embolism does not occur. 

I believe that I have now shown that embolism is not possible 
through spontaneous absorption of air on the part of the veins 
of the lung. If embolism should occur, it would be due to the 
direct immission of air into a bloo<l vessel through faulty technic 
on the part of the operator. We shall see how even this danger 
can be avoided. 

The same reasoning above expressed holds true for the im- 
possibility of embolism in the evacuation of hemothorax with 
the substitution of air. Here there is greater security because 
the air bubbling up through the fluid obviates the danger of 
direct insufflation into the vessel through faulty technic. 

The fourth objection has reference to the evacuation of a 
hemothorax. It is asserted that the effused blood is useful 
inasmuch as it compresses the lung and that its evacuation is 
harmful, because, favoring pulmonary dilatation, it brings about 
reopening of the wound with fresh hemorrhage, pneumothorax, 
etc. Only this last assertion is correct; the danger of a thora- 
centesis done according to the usual method of Potain is really 
grave, and I dare say that one could not do anything more likely 
to renew the hemorrhage. Therefore no one now does an im- 
mediate and extensive thoracentesis but waits a certain time 
until the wound is supposed to have become sealed, and then 
makes small fractional extractions of blood. Tliis has been 
done when the fluid remained too long in the pleural cavity 
without a tendency to absorption or when alarming symptoms 




■ TREATMENT 69 

of compression arose from too large an effusion caused either 
by progressive hemothorax or by the superimposition of a 
pleural exudate upon the hemothorax. In the first instance the 
result will be harmful, because fluid which remains for a long 
time favors coagulation and the formation of fibrinous masses 
and will render difficult or impossible the reexpansion of the 
lung. The wounded man will therefore recover with consider- 
able thoracic deformity and with the pulmonary function either 
diminished or abolished. Extensive thoracentesis, moreover, 
would be very dangerous not only on account of rupture of 
the lung, but on account of the possible occurrence of pulmonary 
edema. In the case of an acute hemothorax, thoracentesis, even 
if it be small in amount, may be a source of grave danger, since 
if the bleeding from the lung is only held in check by the pressure 
exerted by a large quantity of fluid in the pleural cavity, its 
diminution will only favor the renewal of oozing. Fractional 
thoracentesis appears logical and not dangerous, only in the case 
of a pleural exudate which has developed as the result of a hemo- 
thorax. Granted, however, that the cause of the flnid reaction is 
the presence of the blood, it would appear more logical to remove 
the irritative cause, that is to say, the blood itself. 

Returning to the first statement, which is that an effusion of 
blood is useful because it compresses the lung, I wish to oppose 
this idea, for blood, like any liquid effusion, is little fitted for 
compression of the lung. Liquids can compress the lung only 
when present in such volume as to overfill the pleural cavity 
and even to test the elasticity of the mediastinum and diaphragm, 
that is a volume of two to three liters, or even more, according 
to the thoracic capacity. Let me explain. I have previously 
emphasized the fact tliat the lung is an essentially retractile 
organ. As fluid is poured out into the pleural cavity the lung 
contracts, but a true compression only begins when its elasticity 
has been overcome and the viscus finds itself in a condition of 
clastic repose. Up to this point the function of the organ will 
be diminished but not abolished. How much fluid is required 
to cause complete retraction of the lung? Several liters, cer- 
tainly. A clinical demonstration of this is offered by the study 
of pleural effusion, one of the symptoms of which is bronchial 
breathing. This sign exists because the lung breathes and the 
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breath sound passing through the fluid, assumes a blowing char- 
acter, or, stating it better, through liquid the bronchial sound 
is transmitted in its entirety. The sound actually disappears 
only in case of a very large effusion. Even in this case fluid 
is little suited for real compression because, not being elastic, 
not being dilatable or compressible, it undergoes serious modi- 
fications of pressure through the functional movements of the 
thorax. Even if the lung were excessively compressed by the 
fluid in the expiratory phase, as soon as the thorax dilates in 
the inspiratory period, the fluid not being able to dilate, the 
lung will have to expand, and from this will result the reestab- 
lishment of negative pressure, the transmission of the blowing 
breath sounds, and the possible continuation of the hemorrhage 
from the movement of the lung combined with the suction. If 
a complete silence is found with large amounts of fluid it is 
because the diapbragm and mediastinum are pushed to the limits 
of their elasticity by the hypertension, so that when the thorax 
expands instead of the lung dilating we have a relief of tension 
in these other stractures. On this account it is evident that 
harmful pressure may be exerted on the surrounding viscera, 
resulting in considerable displacements. Quite different is the 
case when compression is made by air. Being strongly elastic 
and therefore compressible, with the expansion of the thorax 
in inspiration instead of the dilatation of the lung, we have the 
expansion of the air which surrounds it, and the lung can only 
expand when the rarefaction of the air is such as to overcome 
the retractile power of the lung. Therefore if the air has a 
pressure not less than atmospheric, even in the deepest inspira- 
tion, the lung will remain at complete rest. To give a practical 
example: If we exert strong pressure upon the fluid contained 
in a bottle and then extract the smallest quantity of fluid, we 
will pass at once from enormous pressure to enormous lack 
of pressure ; from a bottle full of air under the same pressure 
considerable quantities of air may be extracted before reducing 
its pressure to that of the atmosphere. Extracting the con- 
tents of the bottle amounts to the same thing as increasing 
the size of the receptacle. From this it clearly follows that 
in regard to pulmonary expansion the compnsssion by liquid 
is quite different from that by air. With the latter even the 
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slightest compression affords complete rest to the lung, while 
with the former this is not the case. I have not dwelt upon 
the harm which liquid may produce through its own weight. 
The above facts explain also why a pneumothorax, while com- 
pletely immobilizing the lung and greatly reducing the respira- 
tory area, does not cause dyspnea, while liquid, even if slight 
in amount, may produce it. Witli air, the mobility of the 
thorax is not impaired because it dilates more easily than does 
the lung itself; on the other hand, with fluid the dilataticm 
of the chest is hami»ered and therefore the possibility of ex- 
pansion of the other liemithorax is even endangered. In ad- 
dition, its weight impairs the function of the diaphragm. I 
am speaking in regard to purely mechanical factors, neglecting 
for the moment the great importance of inflammatory factors, 
and I draw the deduction that dyspnea due to the presence of 
pleural fluid is due not to the reduction of the respiratory area, 
but to the pressure of the liquid. 

I have stated that liquid is not well adapted to compress the 
lung, since even if it compresses it in the expiratory period it 
cannot do so in the inspiratory period unless it be in sufficient 
quantity to overcome the elasticity of the mediastinum and dia- 
phragm. I have said that in the inspiratory period negative 
pressure is reestablished. This latter statement seems to be 
contradicted by a clinical fact which is easy to demonstrate; 
that is to say. if we insert a needle into an abundant collection 
of fluid in the pleural cavity we find that the liquid will gush 
forth under considerable pressure. This leads us to speak of 
fluid under tension. This fact is apparently contradictory bul 
in reality demonstrates what I have asserted. The coexistence 
of liquid under pressure and of bronchial breathing would be 
enough to demonstrate it; it would be inconceivable that breath- 
ing should occur without the existence of negative pressure in 
the pleural cavity. A simple consideration of hydraulic me- 
chanics will also give a clear explanation. When we do a 
thoracentesis we place the patient in the sitting position upon 
the bed, and introduce the needle into the lowest part of the 
liquid; there comes to bear upon this point the weight of a 
column of liquid measured by the difference in height between 
its surface and the level of the needle. I have said that step 
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by Step as liquid forms in the pleural cavity the retractile force 
of the lung becomes diininished : now let ns imagine that this 
force be 30 cm. of water. If we had a column of fluid lO an. 
in height in the seated position, not only would we obser\'e 
no exit of liquid from the needle, but on the other hand we 
would see air drawn into the pleural cavity because its lowered 
negative pressure would still overbalance the pressure of such 
a column of fluid. If the column were 15 cm. in height, and 
we assume the aspirating force of the lung to be also 15 cm., 
thus forming an equilibrium between the pressure of the liquid 
and the pulmonary retractile force, we would observe neither 
the outflow of liquid nor the entry of air. If we increased the 
column to 25 cm. we would observe the exit of liquid from 
the needle under pressure, while negative pressure still existed 
in the pleural cavity above the liquid. The liquid would continue 
to flow under pressure until the equilibrium was restored by the 
dilatation of the lung, while at the same time the column of 
the liquid was diminished in height and the retractile force of 
the lung increased. It is for precisely this reason that if air 
enters the pleural cavity during an inspiration the fluid is able 
to flow out again. In conclusion: Because the liquid flows under 
considerable pressure, it does not signify that the lung is com- 
pressed but only that it is retracted, and that its retractile power 
is inferior to the hydrostatic pressure of the fluid in the pleural 
cavity. The pressure of the liquid will be measured not by the 
height of the column of liquid above the needle, but by its 
height, minus the retractile force of the lung. The case would 
be very different if the lung, instead of being above, were below 
the fluid, since in such an event it also would be subject to 
hydrostatic pressure. 

If we apply the same reasoning in the case of hemothorax 
we must conclude that hemothorax is the worst possible means 
to obtain compression of the lung, and that pneumothorax, on 
the other hand, is the best. Therefore the substitution of 
pneumothorax for hemothorax is desirable in case such sub- 
stitution can be attained without danger. 

It has been demonstrated that the establishment of a pneumo- 
thorax with correct technic is not dangerous and that hemo- 
thorax is less able than pneumothorax to immobilize the lung. 
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If it has been theoretically established that it is correct to sub- 
stitute pneumothorax for hemothorax, then it should be done, 
since air affords greater advantages and does not present the 
same dangers as blood. 

The evacuation of the effusion of blood ought to be carried 
out not only on account of the harm which the blood produces 
itself (such as coagula, adhesions, suppuration, etc.), but also 
because of other mechanical reasons, of slight importance in 
a small hemothorax but of great importance in an extensive one. 
I assert that the greater the volume of the hemothorax, the 
greater must be the tension of the coexistent pneumothorax to 
immobilize the lung. This (Question has great importance as 
regards therapeutic pneumothorax where the rule formulated by 
Forlanini applied; that is, the ideal curative procedure must be 
that of immobilizing the lung with the least possible amount 
of pressure without affecting the other viscera harmfully. It 
is not less important in pulmonary wounds, for which im- 
mobilization is to my way of thinking an absoUite necessity. 
Let me explain. The greater the volume of the pneumothorax, 
the less need be its tension in order to obtain immobilization 
of the lung. We have said that since liquid is undilatable. as 
soon as the thorax expands, the lung must expand also. If 
we assume that along with the liquid a small pneumothorax also 
exists under strong pressure, we will have to admit that in in- 
spiration this pneumothorax, too small in comparison to the 
expansion of the thorax, must experience a marked modification 
of pressure, passing from excessive pressure to rarefaction. If 
we admitted instead an infinitely great amount of air, we would 
agree that slight thoracic dilatation would only produce on it 
negligible modifications in pressure. Therefore in order to 
secure pressure which will not become less than atmospheric 
during inspiration it is necessary to make the pressure of a 
small pneumothorax relatively high, while in a large pneumo- 
thorax slight pressure will suffice. Hence, it is logical to deduce 
that the greater part of the blood must be removed in order to 
render the pneumothorax as large as possible and so avoid 
trauma to the lung.^ On account of the progressive absorption 
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of a pneumothorax the lung may be able to dilate before the 
sealing of the pulmonary wound; it is therefore desirable to 
maintain it for a certain time under pressure with renewals of 
air, just as is done in therapeutic pneumothorax, h is a great 
advantage to be able with manometric measurements to ascer- 
tain exactly the degree of tension in the pneumothorax and 
in this way to be able to watch it. With hemothorax, on the 
other hand, there is the danger of too slow absorption, as well 
as the peril of too rapid absorption accompanied by premature 
reexpansion of the lung. 

I believe that I have at least demonstrated as theoretically 
correct the following concepts: (i) That the wounded lung 
heals quicker and better if it is immobilized and compressed; 

(2) that if the immobilization be secured early the great ad- 
vantage is obtained of preventing or checking hemorrhage; 

(3) that if a hemothorax already exists, being harmful for 
many reasons, it ought to be evacuated with the substitution of 
air; {4) that pneumothorax is the ideal means of compressing 
the lung. It remains for me now to show that the operative 
procedures which are required to establish a pneumothorax and 
for thoracentesis with the substitution of air for blood are 
absolutely harmless and of easy execution. If I am able to 
show this, the concepts above expressed in the theoretical field 
ought to be accepted in actual practice. 

Since, given a wound of the lung, the plan of treatment should 
be: First, that of establishing immediately a pneumothorax to 
prevent bleeding, and to favor healing of the pulmonary fistula: 
and second, that of removing the hemothorax which preexisted 
or which has formed notwithstanding the compression. I shall 
describe first the apparatus for pneumothorax, then that for 
thoracentesis. 

Apparatus for producing Pneumothorax. — Many kinds of ap- 
paratus are described for the establishment of a pneumothorax; 
the classic instrument is the well-known one of Forlanini. It 
is well suited for treatment but is too fragile for the needs of 
war. While it would serve very well in base hospitals, it would 
not be so useful in the advanced hospital or triage, where ease 
of transportation is the essential quality. Therefore I had an 
apparatus constructed which is a simplification of my teacher's 
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and which, if it does not present all of the qualities of the 
classic instrument, may be used instead of it, as it presents the 
advantages of great ease of operation and transport. 

This instrument, of great simplicity, is clearly shown in 
Figure 2. The cut shows the instrument with its latest modi- 
fications of which I shall speak later. 
Let us for the present imagine that 
the tube is closed at the point (7), 
exchiding the little balloon as well 
as the tube which leads to it. It is 
in general the same apparatus as 
Forlanini's, in which has been sub- 
stituted a Richardson bulb or a sy- 
ringe for the two bottles containing 
water and nitrogen. 

The apparatus consists essentially 
of a three-way stop-cock (1)1 to 
which is joined at the lower outlet 
the tube of the manometer {2) ; at 
the side is the tube (4), which serves 
for the insufflation of air into the 
pleural cavity, and at the top the 
third outlet (3), which, by means of 
a rubber tube armed with a needle, 
is designed to introduce into the 
pleiiral cavity the air passing through 
the tube (4). For tliis a Richard- 
■son bulb syringe may be used, but 
in order that the air may surely be 
sterile it is well to interpo.se a filter 
(5) consisting of a glass tube about 10 cm. in length filled with 
compressed sterilized cotton. Such a filter is used to assure the 
sterility of the nitrogen in therapeutic pneumothorax. The in- 
strument is mounted upon a scale; in the manometer is placed 
an antiseptic solution, such as corrosive sublimate slightly colored. 
The little stop-oock placed in the manometer serves in conjunc- 
tion with the stop-cock ( i ) simply to prevent the escape of the 
liquid from the manometer when the instrument is being trans- 
ported. During use it must always remain open. 




Fig. 2 



The apparatus functionates as follows : 

First of all one places the stop-cock { i ) in such a position that 
communication only between tubes (2) and (3) will be open; 
i,e., the passage between the manometer and the pleural cavity. 
With the needle connected with the rubber tubing (3) the pleural 
cavity is entered. If the lumen of the needle is not obstructed 
we can read from the oscillations induced in the liquid of the 
manometer the conditions existing in the pleural cavity. If the 
pleura! cavity is normal, as soon as the needle has entered 
between the two leaves of the pleura, we will clearly see a tend- 
ency toward aspiration of the fluid and subsequently oscilla- 
tions synchronous with the respiratory phases, more or less 
ample according to the case, but always with the liquid remain- 
ing above the zero mark of the manometer, since in the pleural 
cavity, and only in the pleural cavity, aspiration is constant 
even during deep expiration, unless it is forced. If, on the other 
hand, the needle should pass through the visceral pleura and 
penetrate the lung, the oscillations would be positive in expira- 
tion and negative in inspiration. Thus the liquid would oscil- 
late no longer entirely above the zero of the manometer, but 
instead above zero in inspiration and below in expiration. 
Moreover, when the lung is entered the needle easily becomes 
occluded. If pneumothorax exists in the pleural cavity the 
liquid in the manometer behaves differently according to the 
tension of the air. If the pneumothorax be slight, and has not 
entirely overcome the endopleural negative pressure, we shall 
see the liquid oscillating and aspirated more or less according 
to the elastic power of the lung. If the endopleural air has 
simply abolished the tension of the lung, that is. if it equals 
the atmospheric pressure, the liquid will oscillate above and 
below zero; if the pneumothorax is under strong pressure, it 
will oscillate below zero, more or less according to the degree 
of pressure. 

When the manometer registers negative pressure in the pleural 
cavity and we wish to admit air to the thorax, we turn the key 
of the stop-cock ( i ) in such a manner as to close the passage 
to the manometer and open the passage between tubes (3) and 
(5), which connects the Richardson syringe with the pleural 
cavity. We can force the air through the filter with ease. After 
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a f«w compressions of the bulb we turn back the stop-cock (i) 
for a new manometric reading, and repeat the admission of 
air and tlie manometric observations, until that pressure in the 
pleural cavity is reached which we believe suitable for the case 
in question. 

If, on the other hand, we find in the pleural cavity air under 
too great pressure, as sometimes happens in pneumothorax with 
a valvular opening, or in pneumothorax followed by a hydro- 
pneumothorax, and we wish to extract some air, we can use the 
same instrument, substituting for the Richardson syringe some 
means of aspiration, such as a large piston syringe. The 
manometer, frequently consulted, will determine when the as- 
piration of air is sufficient. 

It might be objected that with this instrument the amount 
of air which enters the pleural cavity is not known. This is 
quite true and represents precisely the inferiority of my instru- 
ment to that of my teacher; but it is also true that for our 
purposes it is not so important to know the volume of the air 
as to know the pressure which it exerts on the lung. If we 
wish to know the volume we can substitute for the Richardson 
bulb a large graduated syringe, which by manipulation of a 
stop-cock will permit us to draw in air from the outside and 
deliver it into the pleural cavity after having passed it through 
a filter. Other methods could be easily devised by means of 
bottles at different levels. 

If we wish to put nitrogen gas into the pleural cavity instead 
of air we can substitute for the Richardson bulb one of those 
rubber bags full of nitrogen which we were previously ac- 
aistomed to use in therapeutic pneumothorax. In pulmonary 
wounds, however. I do not believe this substitution to be 
essential. 

Such is the first apparatus I described, but like all the ap- 
paratus known up to now, it presents the disadvantage of not 
excluding the possibility of embolism with absolute certainty. 
I have said that the oscillation of the liquid in the manometer 
above the zero point assures us that the needle is in the pleural 
cavity, but it is possible that the operator may displace the 
needle when air is being admitted. If the air should pass sub- 
, cutaneously or under the pleura, harmful but not dangerous 
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subcutaneous or mediastinal emphysema will result; but if it 
should enter a blood vessel more or less serious embolism might 
be the outcome. It is this danger which causes many to hesitate 
in performing therapeutic pneumothorax as a routine treatment 
for lung wounds. 

A slight modification of my apparatus, easily understood by 
referring lo Figure 2, gives positive assurance against the pro- 
duction of embolism. I have said that the negative pressure 
of the normal pleural cavity is caused by the elastic retractile 
force of the lung. If the thorax is opened retraction of the 
lung takes place and a pneumothorax is formed. The operator 
who sets out to produce pneumothorax artificially presumes that 
he is in the pleural cavity when the liquid in the manometer 
shows negative pressure. If the needle, instead of being in 
communication with the manometer, were in communication with 
the atmosphere, the same reason which caused the aspiration of 
the liquid of the manometer would now cause the aspiration of 
air into the pleural cavity, and would continue this aspiration 
until the retractile force of the lung was completely overcome. 

The air entering the pleural cavity in such a manner is not 
insufflated, but aspirated by the active force of the lung, not by 
the active force of the operator. From this it follows that 
while in the first case a displacement of the needle might permit 
the insufflation of air into a blood vessel or into the chest wall, 
in the second case, if there were displacement of the needle, 
the aspiration of air from the outside would merely cease. 
Manometric obsen'ation of the cessation of oscillation would 
tell with exactitude that the needle was occluded or had entered 
a point where aspiration did not exist. 

Such being the case, the problem of preventing embolism is 
solved if, using sterile air, we reproduce the same conditions as 
exist in the production of a spontaneous pneumothorax. For 
this purpose I have added to the instrument a reservoir balloon, 
which reproduces the atmosphere in miniature and serves to 
regulate the pressure. If the operator, after having inserted 
the needle between the pleurae, opens the passage to the bal- 
loon, instead of seeing the lung absorb air from the atmosphere 
or draw up the liquid in the manometer, he will observe that 
the lung absorbs the air enclosed in the balloon ; and if the walls 
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of the balloon are so thin as to offer no resistance, he will see 
it become smaller and smaller until it is emptied little by little 
as the air is drawn into the pleural cavity. 

Referring to the illustration, 1 proceed in the following man- 
ner for the first introduction of air: 

First of all, i fill the balloon (6) through the filter with the 
Richardson double bulb, the three-way cock being in such a 
position as to prevent the escape of the air. Then I open the 
tube leading to the needle to allow any air in the reservoir 
which may be under tension to escape ; therefore the air which 
remains in the balloon must be under atmospheric pressure. 
This being done, I put the three-way cock in such a position 
that the needle, which should be rather large for the first in- 
troduction of air, is in exclusive communication with the 
manometer. I then insert the needle until I penetrate the pleura. 
When the oscillation of the manometer tells me that I am in the 
cavity, I open the communication with the balloon. Then, for 
the same reason that I before observed the suction of liquid 
in the manometer, I will observe the absorption of air from the 
balloon until it becomes small and collapses. 

As soon as the balloon is empty, if I want to put in more air, 
I reopen the passage between the pleura and the manometer, 
and while I am making a manometric observation I refill the 
balloon with air, which may be once more sucked into the pleural 
cavity. In pleurae without adhesions the spontaneous entry 
of 3—4 and more balloons of air can be observed, which equals a 
thousand or more cubic centimeters of air. If the needle were dis- 
placed the balloon would not collapse and the manometer would 
show the reason. The secret of the absorption rests on the fact 
that the air in the reservoir is maintained at the same pressure 
not only at the time that it is completely filled, but also when 
it is almost completely empty. Any receptacle would act in the 
same way if the air were maintained at constant tension, making 
an amount of liquid enter it equal to that of the air which 
escapes, or even by using bottles so large that the displacement 
of the column of liquid in comparison with the air which it is 
wished to put into the pleural cavity would be the very least 
possible. It seems to me, however, that the method proposed 
is so simple as to render useless any alternative. 
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When the needle is in the pleural cavity it is well to ask the 
patient to make slow and deep inspirations followed by un- 
forced expirations, in order to avoid producing an artificial 
positive pressure which would drive the air back into the balloon. 
Deep inspiration serves to increase the absorption of air. This 
is true only because the more the thorax is dilated, the more 
also the lung is dilated and therefore its power of traction be- 
comes increased, as it is able to establish a strong power of 
aspiration even when the elasticity of the lung is altered. Let 
me explain this, since the concepts I expressed at first might 
lead one into erroneous physio-pathological interpretations. 

I have said that the negative pressure in the pleural cavity 
of the nonnal individual is measured by the retractile force of 
the lung, but this concept ought not to be accepted literally. 
It would be correct if the lung were elastic and the thorax 
remained immobile, as happens in the cadaver or in the ap- 
paratus of Figure i. For the functioning lung, however, it 
would be more exact to say that the negative pressure of the 
pleural cavity is due to the disproportion between, on one hand, 
the force of opposition of the lung to dilatation, and on the 
other hand, the power of expansion of the thoracic wall. If 
the lung were very dilatable the inspiratory negative pressure 
would almost equal the expiratory negative pressure, while if 
the lung had completely lost its elasticity and at the same time 
its possibility of being dilated, we should have in inspiration 
very high negative pressure, much higher indeed than in the 
strongly elastic lung. This would measure the power of the 
inspiratory muscles; a figure very high during inspiration, often 
in contrast with the low expiratory figure. This observaticMi 
is especially valuable in understanding how even in cases of 
cirrhotic lung, where the lung is almost without function, high 
pressure can sometimes be noticed. On this account we should 
urge the patient to take deep inspirations, as the more the lungs 
oppose resistance to dilatation the greater will be the amount 
of air aspirated from the balloon. 

The reason for this is easily understood by referring to 
Figure i. If we produce an inspiration with the attached 
syringe, the bottle being full of air, we shall see the lung dilate, 
although not excessively, and the manometer shows a sli^t 
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disturbance of equilibrium. If instead we have a small quan- 
tity of air in the bottle and much fluid, we will see that with the 
same inspiration the manometer will roister a deep depression. 
The manometer, however, will show the deepest depression when- 
[ ever we produce an aspiration, and prevent, by turning- the ap- 
1 propriate stop-cock, the entry of air into the balloon from the 
outside. This represents an inspiration exerted upon a lung ren- 
dered undilatable from adhesion or cirrhosis. 

It is unnecessary to say that in a pneumothorax which already 
exists, in which the endopleural pressure is superior to atmos- 
pheric, we will see the balloon in Figure 2 distend instead of 
collapse. It, in short, functions as an equilibrator; if aspiration 
exists in the pleural cavity, it empties; if there exists positive 
pressure, it distends. In such a case, when the endopleural 
pressure is in the neighborhood of atmospheric, by compressing 
the balloon reservoir air would be forced into the pleural cavity. 
' Even in this case the compressing hand perceives the respiratory 
movements which are transmitted through the needle until they 
reach the balloon. The hand may aid these respiratory move- 
ments and facilitate the entrance of air, especially in the in- 
spiratory period. The balloon is so sensitive that even when 
the manometer registers pressure oscillating around zero, to 
be more exact when it registers negative pressure in inspiration 
and positive in expiration, air is drawn from the balloon in 
inspiration and driven back into it during expiration, the com- 
plete emptying of the reservoir may be produced by leaving 
the rubber tube open during inspiration and closing it by digital 
compression during expiration. This allows aspiration of the 
air in the balloon, but prevents the return into the reservoir of 
the endopleural air. This point of technic is valuable in case 
that in a first introduction into an already existing pneumo- 
thorax the pressure is found oscillating about zero, which makes 
one wonder whether the needle may not be in the lung. If the 
needle is in a bronchiole, that is, in communication with the 
I outside air, allowing the entrance of air into the balloon and 
t not its exit, the manometer will not show any increase in the 
I tension of the pneumothorax. If, on the other hand, the needle 
I is within the pleura, that is, in a closed cavity, its tension will 
I be seen to increase. 
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I repeat, that by means of the balloon the formation of a 
pneumothorax becomes actuated by the lungs and chest walls 
rather than by the operator ; one might say, although an apparent 
contradiction, that an artificial pneumothorax is transformed 
into a spontaneous one. Hence it follows that every danger 
being eliminated this operative procedure should become more 
generally used. Intervention may be carried out very early; 
as soon as it is evident that the lung is injured or that a hemo- 
thorax, however slight is present, or that there exists marked 
hemoptysis, the indication being to put the lung at rest. Clinical 
and radioscopic examinations have demonstrated to me re- 
peatedly that in the cases in which there was no hemothorax 
and only hemoptysis, or in which the hemothorax was very 
slight, a few weeks after the establishment of a pneumothorax 
the air was almost totally absorbed and there remained no 
pleuro-pulmonary evidence of the operative act.' 

In another chapter I shall speak of the conditions which may 
render the establishment of a pneumothorax difficult or im- 
possible. Now, having demonstrated the absolute security of 
this operative procedure, I hope to be able to demonstrate that 
thoracentesis can be made equally safe. 

Thoracentesis. — If a hemothorax exists it ought to be evacu- 
ated, but not with the aspirator of Potain. An illustrious 
clinician has already been aware of the danger which thoracen- 
tesis presented in rupture of the tuberculous lung and has sug- 
gested the substitution of gas for liquid. Professor Forlanini 
for several decades was accustomed systematically to substitute 

' The safety of the operative procedure with the latest apparatus proposed 
is such that I believe that pneumothoracic treatniEnt should become even more 
general. It should cease to be the specialty of a few, and become generalised, 
entering into common therapy. For cases of tuberculosis, pulmonary abscess, 
bronchiectasis, and so forth, I believe that the definite manifestations of the 
disease should not be awaited, but that the indication is to intervene at the 
earliest possible moment, as soon as the lesion is perceptible by the most 
delicate means. 1 do not rule out intervention even in many of the inflam- 
matory pleuro-pulmonary conditions, for example, broncho-pneumonia and 
perhaps pneumonia itself. In initial pleuritis and in many cases of traumatic 
broncho-pneumonia in war, I have already obtained the very best results. 

I dare assert that with prudent study and careful discrimination between 
the different pleuro-pulmonary diseases which are monolateral or prevail- 
ingly so, the student should grasp the concept that, every danger in perform- 
ing the pneumothorax being eliminated, the lung should be placed at rest 29 
soon as it appears discased.Just as is done for every other organ when the 
possibility for rest exists. Experience will show in what conditions contra- 
indications may arise which cannot be theoretically foreseen. Of that I shall 
speak more at length in another work. 
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a certain quantity of gas for the liquid in every case. In this 
way he extracted the fluid without danger. In the more than 
ten years tliat I have used such a method in the medical clinic 
of the University of Pavia, directed by Professor Forlanini, 
I have never encountered any untoward occurrence ; never pul- 
monary edema, nor insistent cough, nor pain which necessitated 
cutting short the thoracentesis as when other methods were 
used. For simple thoracentesis two large bottles at different 
levels are used; by raising or lowering one of them one can 
aspirate liquid from the pleural cavity or admit gas to it. For 
a description of the apparatus I refer the reader to the work 
of Professor Forlanini which appeared in the Gazzetta Medica 
Italiana, No. 1, 1912, under the title " Tlioracentesis. with the 
Introduction of Filtered Air." Although this apparatus serves 
well for simple thoracentesis it does not serve as well when 
one wishes to evacuate the liquid without modifying the endo- 
pleural pressure, as should be done in the evacuation of a 
hydrothorax and in the treatment by therapeutic pneumothorax. 
Therefore, Forlanini, "Le Pneumotorax Therapeutique, 1914, 
N. 1-2," proposes another instrument conforming to the same 
principle but permitting a better technic. With this instrument 
the evacuation of liquid and the substitution of air is attained 
in a perfect manner and with technical ease; it would serve 
excellently also for the extraction of a hemothorax. The only 
objection to it for war use is that it is not easily transportable. 
Therefore, following the ideas laid down by my teacher. I have 
sought to attain them with a more handy apparatus. I pro- 
posed in 1916 (Folia Medica, N. 23-24) an apparatus, a modi- 
fication of Forlanini's first one, which offered the mathematical 
certainty of extracting all the liquid of whatever nature in the 
pleural cavity without the lung being dilated in the least, since 
air was automatically substituted for liquid. I have used this 
apparatus in many cases and always with the best results. 

However, here in the war zone, I perceived a disadvantage 
which I did not encounter in the clinic. The apparatus com- 
prised two large Mariotte flasks which were difficult to sterilize 
and excessively fragile. Further, it had the objection of re- 
quiring a rather large trocar, and on that account if one had 
to produce a pneumothorax under high pressure to check a 



THE TREATMENT OF WOUNDS OF LUNG AND PLEURA 

pulmonary hemorrha^ aJr would escape through the puncture, 
producing subcutaneous emphysema. TTierefore I worked out 
another instrument, much simpler and handier than the first 
one, which allows one to perform a thoracentesis with great 
rapidity with a simple large exploratory puncture needle, and 
gives full and absolute security of evacuating the liquid without 
the lung undergoing any dilatation, since air is substituted for 




Fig. 3. 

the liquid. If the first instrument is theoretically perfect be- 
cause the substitution of air is contemporaneous with the escape 
of the liquid, this one is better practically, without lacking the 
theoretical advantages of the other. I described it as follows 
in the Riforma Medica, N. 6, 1917: 

"The apparatus is readily explained in Fig. 3. It consists 
of a bottle of about the capacity of a liter. Into it, by means 
of a rubber two-hole stopper, are inserted two glass or metal 
tubes; one bent at a right angle is connected by means of a 
rubber tube with a trocar or a large thoracentesis needle; the 
other is nothing but one branch of a three-way stop-cock. The 
second lateral branch is attached to a syringe of at least 100 c.c. 
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capacity with an absolutely air-tight piston. The capacity of 
the syringe must be proportionate to that of the bottle; it should 
permit such a rarefaction of the air in the bottle with a single 
suction as to start the flow of the effusion. If the volume of 
the bottle is a liter the capacity of the syringe should be 100 cc, 
if ij/i liters, 150 cc. The third outlet of the three-way cock 
is fitted with a filter. As is seen in the cut, the two tubes dip 
slightly into the bottle but should not reach the surface of the 
liquid. 

" To use the instniment I proceed thus. I first of all sterilize 
the apparatus. Not possessing an autoclave or sterilizer capable 
of containing the assembled apparatus, I simply have the stop- 
per with the two tubes boiled, or else I keep it in a solution 
of carlrolic acid ; I keep the bottle full of an antiseptic solution. 
When I use it I pour out the antiseptic, but in doing so non- 
sterile air enters the bottle. 

"For security it is sufficient to leave a little liquid in die 
bottom of the bottle and to shake the bottle violently for a 
few minutes. About 100 thoracenteses have demonstrated to 
me that this method is sufficient to make the operative pro- 
cedure safe. Fear of infection is exaggerated since it is known 
that air which is not moving is practically sterile. If this were 
not so how would bacterial isolation be possible? When a 
patient is operated on by laparotomy, how is the surrounding 
air sterilized? If one wished to go to extremes in asepsis, it 
would suffice to fill the bottle with an antiseptic, turn it upside 
down, allow the liquid to flow out through the rubber tube 
armed with the needle, turning the three-way cock so that the 
communication between the filter and the bottle would be opened. 
On account of the liquid flowing out of the bottle filtered air 
would enter it. After having made an exploratory puncture, 
the instrument being ready, the large needle is introduced into 
the effusion and the connection between the bottle and the 
syringe being open, the first aspiration is made. A rarefaction 
is produced in the air of the bottle and the liquid flows into 
it and occupies the place of the air. When the flow begins to 
diminish, all we need to do is to empty the syringe, causing the 
air drawn into it to pass again into the bottle, whence finding its 
place taken by the fluid it will be obliged to enter the pleural cavity 
by the same route. One hears it distinctly gurgling in the pleural 
fluid as it passes through it to reach its upper surface. When 
the gurgling has ceased, a new aspiration is instituted followed 
by a new insufflation of air. Proceeding thus, when the whole 
bottle is full of liquid, all the air in the bottle has entered the 
pleural cavity. I have said that the syringe should be a perfect 
fit because if it is not so, in the period of aspiration it will 
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aspirate not only air from the bottle bat also air from the out- 
side, and even n^ecting the fact lliat the air will not Mnelj 
be atcrile, it would disturb the perfect iotercfaange between air 
and liqoid. When the bottle is full another is suhstitated. using 
care, however, to hold closed the rubber tnbe armed with the 
trocar daring the substitatioo. 

" For a perfect interchange the air in the bottle needs to be 
abottt 38° C. To attain this it is sufSdent that the antiseptic 
solution left in the bottle to be shaken up with the air be tepid. 
The air need otily be warmed in the case of a hydro-paeumo- 
thorax already under tension when one wishes to attain perfect 
interchange between liquid and air without increasing the endo- 
pleural pressure, or else if an extensive effusion of two or more 
liters is being dealt with, that is to say. when the volume of 
air put into the pleural cavity is great, since in sudi a case its 
dilatation might produce hypertension in the pleural cavity. If 
the effusion is slight in amount, warming the air is superfluous, 
and even more so if rupture of the lung exists, since in this 
caae greater pressure should be apf^ied than that exerted by the 
li(|uid. The three-way cock comes into play in case that having 
extracted a small amount of fluid we wish to put into the pleural 
cavity air in greater quantity than the liquid taken out. Turn- 
ing the cock so as to open the communication between the filter 
and the syringe, the desired quantity of air is aspirated from the 
outside, and introduced into the pleural cavity by means of the 
syringe in the usual way. It serves also in cases in which it 
is wished to put in less air than the amount of liquid extracted. 
To accomplish this it is only necessary after the aspiration to 
expel the air from the syringe to the outside instead of into the 
bottle. 

"I repeat that with the apparatus which I propose thoracen- 
tesis becomes extremely easy. It eliminates any danger of 
edema of the lung, or of pain, or of attacks of coughing. The 
patient notices no painful sensations after the penetration of 
the needle, and as there is no change in the conditions of pres- 
sure in the pleural cavity, there is not the slightest modification 
of the cardiac condition. In about 100 thoracenteses there was 
not even the slightest untoward result attributable to the method. 
I do not even consider the danger of air embolism if the technic 
be correct. The statement that if the needle be immersed in the 
fluid, and the entering air bubbles through it embolism cannot 
occur, needs no discussion. It is certainly prudent, however, 
never to introduce air if the fluid does not flow freely into the 
bottle; for greater safety it is well to introduce the air before 
the flow of the liquid ceases entirely, in order to be sure that 
the needle has not been displaced. 
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" I often use a large needle. For one who has not had much 
practice I believe it advisable to use a slender trocar such as 
that of Potain; with it one will have the certainty of not en- 
tering adhesions and will also be absolutely guaranteed against 
. producing emboli." 

Since the time when I presented this apparatus I have done 

Imore than another hundred thoracenteses, and I have never 

Phad even a slight untoward event. I have evacuated at times 

las much as four liters of fluid or pus in very sick patients and 

I have never observed cough of any sort. As long as the endo- 

pleural pressure is not modified, irritative phenomena do not 

arise and the patient has instead a sense of relief because he 

breathes better. 

The assertion, apparently paradoxical, that the respiratory 
function is less interfered with by a high compression of the 
lung by air than by a lower compression by liquid is easily 
comprehensible. We must consider in the first place that fluid, 
. especially in the sitting position, which is preferred by the 
■'patient to allay dyspnea, and also by the operator during thora- 
Kcentesis, weighs upon the diaphragm and disturbs its function. 
Above all, however, we must consider the difficulty of expansion 
of the hemithorax in the presence of a pleural effusion. Quite 
different is the inspiratory mobility of the thoracic walls and 
I of the diaphragm in the presence of a hemothorax from what 
lit is in a pneumothorax. The liquid is not dilatable, and if it 
s superimposed on a lung which is also with difficulty dilatable. 
[ on account of pleural thickening, it will only permit slight in- 
) spiratory expansion. It is not so with air. which is easily dilat- 
L able; certainly more so than the lung itself, which through its 
I own retractile force offers a certain resistance to dilatation. 
I We know that the inspiratory expansion of the chest is sym- 
metrical, and difficulty in the expansion of one hemithorax 
makes difficult the expansion of the other. Compressing the 
thoracic wall on one side with a corset will dcmoii.strate the 
truth of what I have said. The result reniaiti:i niiclKnigvd 
whether dilatation be made difficult from external coTuprcsMon 
or expansion impeded from the inside. Similarly in monolntrml 
paralysis of the diaphragm an impairment in function of oiw 
part of the mechanism makes the function of the whole axoTt 
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difficult It follows that the substitution of a pneumothorax 
for a hemothorax, even if it is of greater volume, will result 
in easier respiration. 

Without disregarding the importance of inflammatory factors, 
I believe the chief reason why pleural effusions, even if not 
very extensive, certainly not such as to abolish completely the 
pulmonary function, always produce dyspnea, while in thera- 
peutic pneumothorax, where the function is completely elimi- 
nated, the respiratory difficulty is not such as to interfere with 
the ordinary pursuits of life, is because the liquid impedes in- 
spiratory dilatation of the hemithorax by contralateral impair- 
ment, while air makes it easier. 

In regard to technic, I have never, absolutely never, had a 
previously sterile fluid become infected. It has always sufficed 
to have the stop-cocks and the trocar boiled before using; the 
bottle, which is kept full of corrosive sublimate, is shaken up 
with a certain quantity left in the bottom to sterilize the air. 
If the air contained any microorganisms such a shaking would 
bring them down into the liquid. When drawing air from the 
outside into the pleural cavity, it has always seemed to me 
sufficient to place in the inlet tube a wad of sterile cotton in- 
stead of the long filter shown in the cut. 

After the publication of my article describing the apparatus 
I added a noteworthy modification, which is represented in 
Figure 4, suggested to me by clinical observation and justified 
by excellent results. I have added the three-way cock (2) united 
by the tube (6) to the bottle (B), which is filled with irrigating 
fluid. With the stop-cock (2) in the position shown in the cut, 
the wash bottle is excluded and thoracentesis can be carried 
out in the manner already described; with the stop-cock turned 
to exclude bottle (A), the communication between bottle (B) 
and the trocar is opened, and by manipulation of the double 
bulb at (7) the irrigating fluid is introduced into the pleural 
cavity. I have said, when speaking of the first apparatus for 
thoracentesis, that it was not ever proper to introduce air into 
the pleural cavity unless the liquid flowed out easily, and I 
added that air should be admitted before the cessation of the 
jflow produced by a single aspiration, to be sure that the point 
of the needle remained immersed in the fluid. It sometimes 
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[ happens, however, that the needle is clogged by a coagulum and 
the liquid ceases to flow. I believe it is dangerous to clear the 
needle by introducing air, since if instead of being occluded 
by a coagulum the point had entered an adhesion of the lung, 
embolism might be produced. The needle may be freed by turn- 
ing the stop-cock (2) and letting in the irrigating fluid; then, 
the stop-cock having been turned back to its original position, 

f with a new aspiration by the syringe the return of the fluid will 




Fig. 4. 
be brought about, and then the substitution of air can be 
resumed. 

The plugging of the needle is a frequent occurrence in thora- 
centesis. The trocar may enter a grumous mass of clots, through 
which the fluid blood makes its way with difficulty. Therefore 
one does not dare to introduce air, although knowing that after 
the introduction of air the outflow of liquid is almost always 
rendered very easy. In such a case it is wise, after the blood 
first begins to drop into the bottle (A), to introduce a small 
amount of irrigating fluid with subse(|uent evacuation; after 
repeating this several times the blood begins to flow and con- 
siderable quantities of it can be extracted with ease. 

If this modification is of technical advantage it has an even 
greater value from the clinical point of view. It is now my 
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absolute conviction that the washing of the pleural cavity serves 
to prevent empyema and to diminish reactive pleuritis. 

In thoracentesis, with the introduction of air, the liquid be- 
comes completely mobile, the lung retracts from the trocar and 
draws back toward the hilum, and therefore, by changing the 
position of the patient and lowering the point of the trocar, 
one can extract the fluid almost completely. However much 
one can accomplish in this way there will always remain a cer- 
tain quantity of blood, especially about the coagula. If the blood 
is sterile it will merely favor the development of reactive pleuri- 
tis, either because of its presence, or because of the coagula 
which form; but if it is infected ever so slightly, it will serve 
as a culture medium for microorganisms. I have already said 
that the behavior of microorganisms which are in contact with 
the pleural endothelium is quite different from that of those 
which are found in the efliused blood; the first are easily de- 
stroyed, the second develop with great rapidity. Therefore I 
believe that lavage is useful to remove as much as possible of 
the blood which remains in the complementary spaces or in 
other remote places. The lavage does not afEect the whole pleural 
cavity but only the lower part. Surgeons now almost unani- 
mously oppose lavage of the pleura in empyema, either for con- 
siderations of a technical character, regarding the inherent 
danger of the operative procedure, or because it is of little 
benefit, I shall discuss this in dealing with the treatment of 
empyema ; at the present time I wish to state that lavage is only 
dangerous in so far as it produces sudden changes of equilibrium 
in pressure; if it is done with properly adapted instruments 
and with careful technic it is without danger For almost a 
year I have systematically used lavage of the pleura and I have 
had no untoward result. While at first I used with some ap- 
prehension Gianettasio's chlorosol diluted and warmed for the 
lavage, I have now adopted it without dilution and only slightly 
warmed. It is important never to introduce more than 50 or 
at the most 100 c.c. of liquid at a time, in order not to change 
the pressure of the pneumothorax excessively. I wish to make 
the observation that there is no comparison between the irri- 
gation of the pleural cavity in wounds of the lung with irriga- 
tion in empyema; in the latter it is of little use and of only 
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'momentary benefit, in the former it may be of the greatest and 
most lasting value. Let me explain. In civil practice pyothorax 
presents itself not primarily but following infections of the 
pleura; in war we have instead primarily an infected hemo- 
thorax, secondarily infection of the pleura. Therefore, in the 
first case, the elimination of the pus only signifies the treatment 
of a symptom or of a complication ; in the second case, however, 
the removal of the infected blood means that steps are taken 
to prevent the microorganisms from fixing tliemselves upon a 
healthy pleura. On tliis account I advise very early lavage; 
for when the bacteria have already attacked the pleura, lavage 
loses ahnost all of its value and we return to the condition of 
an empyema of civil practice, in which only an ample opening 
of the chest wall will give a satisfactory cure. The principle 
of lavage harmonizes with the principle already expressed of 
prompt intervention, since we find ourselves in the presence of 
a simple suspension of microorganisms in a hemothorax, which 
have been carried in incidentally by the projectile or have es- 
caped from the bronchus at the beginning. 

To recapitulate : What should one do when confronted by 
an effusion? First of all an exploratory puncture is made. 
Cases are not rare where coagula exist, in which, after several 
fruitless punctures, a liter or more of liquid is finally extracted. 
This often happens beca.use the puncture, as generally prac- 
tised, is at the most dependent point where fibrinous deposits 
are most frequent. A puncture at a higher level may succeed 
better; therefore it is well to do the thoracentesis at the exact 
spot where the exploratory needle is put in. 

The patient is placed in the sitting position on an operating 
table, with his legs hanging over the edge, his head resting on 
the shoulder of the attendant, and his arms around the attend- 
ant's neck; the patient is thus completely relaxed and spared 
any fatigue. 

The apparatus should be prepared and its action tested, so 
that the operative procedure can be carried out with rapidity. 
In cases of wounds of the lung, in which hemorrhage is going 
on, and in which the pleural reflexes and dyspnea form a 
vicious circle, which is increased reciprocally, operative rapidity 
ought to be built on a system, because it is an axiom tliat the 
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in the plenral cavi^ poknonary' compressian soperior to what 
it was at first. When the flow of liquid begins to grow less 
free it is well to direct the attendant to indinc the patient to 
the side and backward in such a manner that the Hqaid may 
collect in the complementary space ; then bv lowering the point 
of the trocar, complete evacnatioa will be obtained. Wlien air 
instead of liquid is extracted by aspiration, it is certain that 
an the liquid is removed. If it is wished to carry oat a lavage, 
the stop-cock (2) b turned in such a way as to open the com- 
1 between the wash-^mtlle and the [deural cavity, and 
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BJO to lOO cc. of liquid are allowed to run in. Resetting the 
stop-cock as for thoracentesis, the irrigating fluid which has 
run into the pleural cavity is drawn back into bottle (A), and 
thus, by means of many washings and extractions of the fluid, 
the complete evacuation of the blood left in the complementary 
space is acctmiplished. It is unnecessary to say that since the 
exchange is no longer made between blood and air as in thora- 
centesis, but between liquid which enters and liquid which goes 
out. any air which is sucked into the syringe ought not to be 
admitted to the bottle, but should be diverted outside by turn- 
ing the stop-cock. To render the manceuvre more rapid, a 
strong negative pressure may even be created in bottle (A), and 
then with a rapid turn of the stop-cock the lavage can be car- 
ried out without having to use the syringe continually. For 
studying the function of the instrument the apparatus depicted 
in Figure i , page 20, serves very well. In it a hydro- 
pneumothorax, or better still, a hydrothorax, is established and 
aspiration is begun, using the syringe like a Potain's aspirator; 
that is, diverting to the outside the air withdrawn from the 
bottle (A). Step by step as the liquid goes out the balloon 
which represents the lung will be seen to dilate and the 
manometer will register the negative pressure which arises in 
the pleural cavity. The dilatation will be rapid and continual, 
since a pure hydrothorax exists; the lung will be obliged to 
dilate the more, the greater the volume of the liquid extracted, 
the displacement of the mediastiniun and diaphragm, it is under- 
stood, being disregarded. It is different if hydro-pneumothorax 
exists, since in such a case, even after the outflow of the liquid 
before the dilatation of the lung begins, the air must be rarefied 
until it counterbalances the retractile force of the viscns. If, 
on the other hand, the apparatus is used according to my 
method, that is, if we introduce into the pleural cavity repre- 
sented by the bottle as much air as there is liquid extracted, 
the balloon cannot dilate and will remain collapsed, just as the 
lung does in the pleural cavity under the same circumstances, 
and the manometer will show no change in pressure. If at the 
beginning of the operative procedure a syringe full of air taken 
from the atmosphere is put into the bottle (A), the manometer 
will show an increase of pressure, no matter what may be the 
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quantity of liquid that is extracted later. If a doubt arises when 
doing a thoracentesis as to whether too much air has been ad- 
mitted to the pleural cavity, it would be sufficient, after having 
started the flow of liquid with the suction of the syringe, to 
turn the stop-cock ( in such a way as to put the bottle (A) 
in communication with the outside air, when the spontaneous 
flow of liquid from the pleura into the bottle (A) will be ob- 
served up to the point where equilibrium is reestablished. If 
by chance indications of depression should appear, such as 
cough, it is only necessary to introduce a syringe full of air 
into the pleural cavity to see them disappear. After the thora- 
centesis, if the patient shows any irritative symptoms, it is well 
to administer morphine subcutaneously. 

Needless to say if the wounded man shows a very irritable 
pleura, if he presents phenomena of excitement during the 
thoracentesis, or, if the thoracentesis has tired him too much, 
it is well not to carry out lavage. It is, however, certain that 
when it can be carried out convalescence will run its course 
with more regularity. 

* It would seem a very useful procedure in case of the evacua- 
tion of a hemothorax in the wounded, or especially of hydro- 
or pyothorax in cases of phthisis treated with pneumothorax, 
to install at point (3) of the three-way stop-cock (2) a 
manometer which would allow one to read the endopleural 
pressure at any moment. I have sometimes used it, but I do 
not consider it suitable for general employment, since too often 
it may lead to error. In fact, when the needle is immersed in 
the fluid it gives an inexact figure, and when the liquid is en- 
tirely evacuated it only requires a drop or two of fluid acting 
as a plug in the tube to make an error in the reading. There- 
fore, I prefer that the substitution of air for fluid be automatic 
and that another puncture be made later, at a higher level in 
the pneumothorax itself in order to ascertain the pressure with 
certainty, and to proceed to the eventual replenishment of air. 
This is all the more true since it is not desirable at first to 
bring about excessive tension for two reasons. First of all be- 
cause air might escape through the large hole made by the 
trocar, thus producing subcutaneous emphysema, and in the 
second place in case of liquid eiifusion alone it is not expedient 
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to put in an excessive quantity of air, as pleural reaction might 
take place on account of the too rapid detachment of newly 
formed adhesions. I have already said that air acts quite dif- 
ferently from fluid upon the lung, since while the latter dis- 
poses itself at the base, permitting adhesions above, the air 
diffuses everywhere around the lung and separates the two 
pleurae. Hence it follows that in hydro-pueumothorax an ex- 
cessive admission of air does no harm, since the pleurae are 
already separated, while in liquid effusion alone excess of air 
at first may cause a reaction. In the study of results we shall 
see the importance of this reasoning. At any rate, if we do 
wish to connect the manometer with the instrument it is to be 
consulted only after the evacuation of all the liquid and while 
the point of the needle is raised in such a manner that it may 
surely be in the pneumothorax. We must also observe that the 
manometer oscillates freely in accordance with the respiratory 
function, showing that the passage is clear, 

I hope I have demonstrated that immobilization of the lung 
can be obtained with a pneumothorax, and that the evacuation 
of a hemothorax is without danger. If that much is admitted, 
the continuation of the treatment also becomes logical. If the 
pneumothorax has been sufficient to prevent hemorrhage, it 
ought to be maintained until the lung is presumed to be healed ; 
and since the air is absorbed with facility renewals ought to 
be made. In general three or four renewals are sufficient. In 
cases of thoracentesis the first renewal should be made within 
a few hours after the evacuation. Of that I shall speak later 
more in detail. 

Thoracentesis in Serous Effusion. — The apparatus depicted 
in Figure 3 which I have advocated for thoracentesis in cases 
of hemothorax serves very well also for the evacuation of or- 
dinary pleurisy or of transudates. In these cases, as the perfect 
interchange between liquid and air is unnecessary, unwarmed 
air can always be used, and that quantity which one does not 
■wish to put back into the pleural cavity can be driven out through 
the by-pass (3). Here also it works very well after a pneumo- 
thorax is established to let the liquid flow into the bottle (A), 
the stop-cock ( i ) being open in such a manner as to make the 
bottle communicate with the atmosphere. The syringe is always 



96 THE TREATMENT OF WOUmiS OF LCTNG AND PLEURA 

kq>t full of air, which must be put into the pleural cavity at 
the slightest coug;h. These ideas have been already forrau- 
lated by my teacher. Instead of learing the kast amount of 
air in the pleural cavitj- compatible with the complete e\-aeua- 
tion of the iluid, I prefer to leave an extensive pneumothorax 
in order to abolish or at least greatly diminish the pleural suc- 
tion. It would appear logical, and experience shows this to 
be so, that suction, which favors the formation of transudates 
may also increase the outpouring of new emendate. It is an 
exceptional occurrence for me to have to repeat a thoracentesis. 
There is another point, however, which is much more important, 
and that is that if the amount of air is plentiful the tno pleurae 
will not come into contact until later when the inflammation has 
subsided. Therefore adhesions between the t^vo layers of pleura 
either do not form at all or are slight in extent I reintroduce 
small amounts of air if I observe an early friction rub appear, 
which indicates to me a too rapid absorption of air. This will 
not seem an excess of treatment if it is borne in mind how 
much harm the union of the pleurae may produce on the 
mechanism of pulmonary ventilation, and especially on the effec- 
tiveness of expectoration. It is generally believed that pleurisies 
are for the most part tuberculous, and if it is believed that 
therefore those with pleurisy are apt to have other tuberculous 
processes, it would appear reasonable to put the lung in the best 
condition in order to resist its becoming diseased, or if deseased, 
to aid its cure. I would not have the same scruples if the 
pleurisy were of another nature than tuberculous. Air left in 
the pleural cavity in appreciable quantity, diffused either by the 
respiratory movement or by cough, which will raise it to posi- 
tive pressure, will also serve to detach newly formed adhesions. 
The admission of air which separates the pleurae will give the 
assurance of cure without thoracic deformity. 

What I have said about thoracentesis and pneumothorax 
applies to closed wounds of the chest wall. We must now con- 
sider a very large group, which consists of those who have 
thoraco-pulmonary lesions accompanied by open wounds of the 
chest wall. 

Treatment of Open Pneumothorax. — I have already described 
the treatment to be followed in closed thoraco-pulmonary 
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■ wounds. I now wish to speak of the methods to be employed 
in open thoracic wounds. 

Patients with wounds of this kind are in a very grave con- 
dition, either on account of the fact that the wound was caused 
by a bulky projectile of irregiilar contour, — and therefore a 
serious lesion of the chest wall is complicated by much damage 
to the lung, — or because, as I have explained in another chap- 
ter, the free passage of air through tlie breach in the chest wall 
produces that especially distressing chain of symptoms which 
is summed up in the expression " traumatopnea." Since these 
injuries are of the most serious nature, many of the wounded 
die on the field, or in the dressing stations, before they reach 
the first place where surgical inter\'ention is possible. Deaths 
are frequent, however, even in the sanitary units or the field 
hospitals. They occur early from traumatopnea or hemorrhage, 
and later from infection of the pleura or lung. I have already 
dealt with the cause of traumatopnea. It differs in different 
individuals, according to the irritability of the pleura, to con- 
ditions in the mediastinum, to accompanying pleural adhesions, 
and, other things being equal, its gravity depends upon the size 
of the wound in the cliest wall. If adhesions exist as the result 
of an old pleuritic process the signs and symptoms will be less 
marked, because collapse of the lung will be slower and less 
extensive and the fluctuations of the mediastinum consequently 
less violent. I have already said that in these cases hemorrhage 
acts in a characteristic manner; that is to say, while in lung 
wounds with closed chest walls the hemothorax may be out of 
proportion to the severity of the wound, in open wounds the 
bleeding always keeps pace with the gravity of the lesion. In 
the former even slight wounds may cause serious hemorrhage, 
inasmuch as the wound is acted upon by the pleural aspiration ; 
in the latter the collapse of the lung serves to check it, since 
as blood escapes into the pleural cavity the air of the pneumo- 
thorax will find its exit through the open hole in the chest wall 
until the blood reaches the level of the edges of the woimd and 
commences to run out. 

Present-day treatment has had no adequate means of meet- 
ing these two urgent and serious factors. Although the closure 
of the wound by an ordinary dressing is advised, this method 



L of the wound 



¥ 



90 THE TREATMENT OF WOUNDS OF LUNG AND PLEURA 

is never sufficient, and especially is this true for the cases with 
larg^ wounds, where a large amount of air passes through the 
dressing in spite of all attempts to close the breach. Tamponade 
of the wound by the so-called shirt-stud method of Depage is 
better because it closes the opening more hermetically. Here 
a sac of linen is introduced into the wound and filled with com- 
presses of gauze. The sac is introduced through the intercostal 
space and penetrates into the pleural cavity; if the gauze is well 
packed in, it will be distended in its deepest part in the form 
of a shirt-stud and admit of considerable compression. Ac- 
cording to Gregoire and Courcoux this metliod serves well 
when, for fear of pleural infection, one does not wish to make 
a surgical closure of the breach, for by applying the sac one 
obtains the double result of correcting the traumatopnea and 
of draining the pleural cavity. 

I have previously stated that the free passage of air does 
harm, because if one hemithorax can obtain air more readily 
through the wound than through the trachea it produces dis- 
turbance in the other lung. I have also said that if counter- 
pressure is lacking the mediastinum may oscillate to a great 
degree. Hence I believe that the best method for the treatment 
of traumatopnea is that which secures the most air-tight closure 
of the chest wall. Suture of the chest wall has been advised 
both for the treatment of traumatopnea and for the prevention 
of infection, just as suture of the lung has been advised for 
active hemorrhage, and excellent resuhs have been claimed. We 
will discuss these procedures further on. It may be that they 
will even prove to be the best, but they can only be employed 
some time after injury and at the surgical ambulances and hos- 
pitals. Only by the rarest fortune are such means available at 
the dressing stations. We know that death from traumatopnea 
and hemorrhage often occurs early. The best method, tliere- 
fore, will be that which checks the hemorrhage and conquers 
the traumatopnea at the earliest possible moment after the 
wound is incurred. The indication is to restore the integrity 
of the chest wall immediately, and at the same time to make 
possible compression of the lung. I believe that I have attained 
this object by the use of small balloons made of very elastic 
rubber. As is seen by referring to Figure 5 (i, 2, and 3), 
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relongated and somewhat of tiie shape of an hour- 
glass. Each has a rubber tube attached which communicates 
with the interior of the balloon. As soon as we determine that 
there is an opening in the chest wall, accompanied by the free 
passage of air, the sac is inserted into the wound and inflated 
with a Richardson syringe; we will then observe that as the 
balloon becomes distended, since its walls are very elastic, it 
will adapt itself to the opening and close it hermetically. The 
balloon should be inserted so that the narrowest part of the 
hour-glass lodges in the space between the ribs and the end of 
the sac projects into the pleural cavity; we will thus obtain a 
true air-tight closure similar to that of the shirt-stud dressing, 
wiiich will include even the parietal pleura. In this manner we 
will have succeeded in restoring the integrity of the chest wall. 
A great advantage will have been gained, because the traumat- 
opnea will immediately disappear, and. what is more important, 
we will be in a better position to check active hemorrhage. 

It is unnecessary to state that the compression will benefit any 
chance hemorrhage from the intercostal artery. Here the sac 
acts by direct compression, like the pneumatic bag employed for 
nasal hemorrhage. This point, however, is plainly evident and 
of secondary importance. The balloon derives its really great 
importance from its eifect on pulmonary hemorrhage, on which 
it exerts an indirect tamponade. Let me explain this. 

I have already demonstrated, when I was discussing the treat- 
ment of hemorrhage in closed wounds of the chest wall, that 
the best method is the compression of the lung by means of a 
pneumothorax. I said at that time that if the compression hy 
air were not sufficient, the escape of blood into the pleural cavity 
would so raise the pressure as to produce the necessary com- 
pression on the lung. I also stated that in open pneumothorax 
only slight hemorrhages, such as those controllable by simple 
collapse of the lung, would be checked spontaneously, since on 
account of the free communication of the pleural cavity with 
the atmosphere and the abundant outflow of blood no increase 
of tension could be obtained in the pneumothorax. The case is 
quite different, however, if the opening is hermetically cloned. 
If we attempt to close the wound and leave the pleural cavity, 
^^M in the normal, totally occupied by the lung, we may have 
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t active compression of the lung. In short, I obtain with the use 
I of the balloon cessation of the traumatopnea, diminution of the 
I chances of pleural infection, and control of a good number of 
I hemorrhages. 

My theory is to bring about an air-tight closure of the wound, 
I so that the flow of blood, instead of doing harm, may be utilized 
as a curative procedure by increasing the tension of the pneumo- 
thorax. Any means will serve that will bring about an air- 
tight closure of the breach. Before devising the balloons I used 
glove-fingers or condoms, but up to the present I have found 
nothing better than the former. I am ready to accept any 
means that will prove more adaptable. Tamponade with gauze 
■ will not do because it is permeable to air. It may serve, if the 
I balloons are unobtainable, when the gauze is firmly packed in, 
' as it sometimes becomes so impregnated with blood that it 
effects an air-tight closure. 

At first I advocated the balloons for emerg;ency treatment to 
be applied at the dressing station or advanced sanitary forma- 
tion. I wrote at that time: " I believe that every open wound 
should be closed. Any method will serve so long as it secures 
'a closure sufficiendy tight to prevent the escape of air. After 
I ■file hemorrhage is under control the wound should be closed 
I by surgical means. If, as often happens, a pyothorax should 
I occur, its treatment must be undertaken." At that time I be- 
I lieved that the use of the balloon might do harm by keeping 
' open a wound which might otherwise heal spontaneously, and 
therefore I spoke at that time of closing the wound by surgical 
means. It was my belief that this disadvantage in the use of 
the balloon was so slight in comparison to its benefits that its 
use should nevertheless be advised. To my great astonishment, 
however, I found from extensive experience that many times 
after the use of the balloon not only was control of hemorrhage 
obtained, but also that the opening closed spontaneously. Some- 
times the balloon was extruded gradually, like a sequestnun, 
the pleural wound closing at the same time : on other occasions 
it was found better to extract it slowly a little each day, so that 
while at first its extremity protruded into the pleural cavity, 
later it lay extrapleurally and thus permitted the serosa to heal. 
In eighteen cases among the casualties of the last action I had 
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Private D. G. di Francesco, 202d Infantry. Entered 15-2-18. 
Diagnosis: Gunshot wound (grenade fragment) of left chest. 
penetrating. Open hemothorax. Admitted at 12 o'clock. He 
stated that he had been wounded that morning at 9, at PoUgono. 
He was in a very serious condition, — profoundly anemic and 
dyspneic, the pulse was very small, and arhythmic, rate 13a 
Respiration-i 38 and irr^ular. He had had involuntary escape 
of feces. He presented a wound of small dimensions with 
irregular margins at the second rib in the left parasternal line. 
Blood oozed from it and air passed through witli inspiraticm 
and expiration. Another small wound was noted at the si.xth 
intcrsi>acc in the parasternal line of the same side, also open; 
the tracts of both wounds led inward and downward, which 
raised the fear of lesions to the pericardium and heart. Exten- 
sive left hemothorax and partial pneumothorax were apparent. 
To check the urgent hemorrhage it was decided to introduce 
into the upper wound a balloon, and to do the same in the lower, 
SO as to tran.'iform an open into a closed pneumothorax. Before 
introducing the balloon the wounded man was placed in the 
sitting position and inclined forward, the wound being kept open, 
and the blood which had accumulated and reached the level of 
the opening was allowed to run out, to the amount of about a 
liter. A (mcumothorax of 600 cc. was then established, which 
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closure is air-ti^ it always allows the formation of stdxu- 
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not allow an increase of pressure in the pleural cavity and 
therefore sufEcient resistance is not opposed to the hemorrhage. 
In case of hemorrhage, therefore, cutaneous suture will ha»"e 
some value only when accompanied by suture of the lung. 
Thus suture of the skin has its only indication when there is 
no active hemorrhage, and only then for the purpose of com- 
bating pleural infection. It is trxie that even after the wound 
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more than sufficed for hemostasis. The patient stood the dif- 
ferent procedures well and appeared relieved. Temperature 
36.9 C to 38.5 C. 

Feb. 16. — Condition improved. During the night had bloody 
expectoration and insistent cough. On the anterior and lateral 
wall of the left chest localized subcutaneous emphysema ex- 
isted. The pneumothorax was reinforced with 600 c.c. of air, 
bringing the pressure to o + i j. 

On the 17th the hemoptysis ceased; tlie emphysema was un- 
changed and no increase in the hemorrhage was noted. Condi- 
tion generally good. 

On the jgth dullness was noted in the left chest, which reached 
to the eighth rib in the midscapular line, when the patient was 
in the sitting position. The balloons produced a perfect closure, 
but the lower one had a tendency to come out. It was not con- 
sidered opportune to perform thoracentesis, which was postponed 
until the closure of the thoracic wall should be complete. 

The highest temperature on the 17th was 37.8 C. ; on the l8th, 
39 C, the 19th, 39.1 C, the 2oth 38.3 C. On the 20th the 
effusion increasing and the closure with the balloons being per- 
fect, 1400 C.C. of very bloody fluid were evacuated, with the 
substitution of 1300 c.c. of air. On the 21st the temperature 
reached 38.2 C, the 22d, 37.8 C, and after that it remained 
normal. 

On the 24th the upper balloon was removed as the wound in 
the pleura was closed. 

From the 26th on improvement continued to be evident. The 
lower balloon came out spontaneously. The pulmonary function 
was excellent. 

In June the patient was evacuated. There was no local or 
general evidence worthy of mention of wounds which had pro- 
duced an open pneumothorax and seriously threatened the life 
of the soldier. The thorax was symmetrical and the expansion 
of the two halves equal. The margins of the lung were normal 
and possessed ample mobility. General condition excellent. 

I can state, in general, that wounds which are not too large, 
such as do not exceed the size of a finger, often heal without 
the formation of empyema. With larger openings the hem- 
orrhage can be checked, but empyema is almost inevitable. I 
think, however, that the balloons have attained their object when 
they fill the hospitals with individuals who, instead of dying 
from hemorrhage, have only to be treated for empyema. Since 
empyema may be avoided in numerous cases when the sac is 
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applied even several hours after the wound was received, we 
may hope to prevent it more frequently by inserting the sacs 
immediately. This procedure, I repeat, does not contraindicate 
surgical measures when the patient arrives at a field hospital, 
which may be necessary either because the hemorrhage has only 
been partially checked, or because the thoracic opening may re- 
quire suture even if pulmonary hemorrhage has not arisen. 

In dealing witli surgical methods I wish to discuss: First, the 
question of suture of the lung; second, the problem of closure of 
the wound in the chest wall. I may say in advance that in 
several hundred cases of thoraco-pulmonary wounds and about 
forty cases of open pneumothorax, when I have been able to 
produce compression of the lung with pneumothorax. I have 
never had an uncontrollable hemorrhage. Therefore I ask my- 
self if it is expedient to suture the lung; in other words, to 
perform an operation of a certain magnitude when a much 
simpler procedure without any danger can attain the same re- 
sults. One should have recourse to the former method only 
when the simpler procedure does not fulfill the indications. 

In regard to the second problem, that of closure of the parie- 
tal wound, we must consider each case on its merits. The idea 
of closure is, according to its authors, that of preventing the 
formation of empyema, and in reality the results reported justify 
confidence in it. The authors do not concern themselves with 
the subcutaneous emphysema which may occur, and which is 
almost never serious. Evidently the problem has not been 
studied completely. It ought to be studied not only in relation 
to pleural infection, but also in relation to hemorrhage, since 
the difficulty with cutaneous closure, according to my experi- 
ence, is that it is seldom, if ever, air-tight. When the skin 
closure is air-tight it always allows the formation of subcu- 
taneous emphysema. This in itself is not alarming, but it does 
not allow an increase of pressure in the pleural cavity and 
therefore sufficient resistance is not opposed to the hemorrhage. 
In case of hemorrhage, therefore, cutaneous suture will have 
some value only when accompanied by suture of the lung. 
Thus suture of the skin has its only indication when there is 
no active hemorrhage, and only then for the purpose of com- 
bating pleural infection. It is true that even after the wound 
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done, I apply gauze around the sac and push down the sfMder until 
it fits over the balloon. Then I shorten or lengthen the legs of 
the spider by bending them so that ihcy impinge upon the chest 
wall. By securing the spider to the chest wall with adhesive 
I^aster. I make it impossiWe for the sac to be expelled or drawn 
in. Before applying the adhesive, it is well lo fiace a large paetx 
of gauze o\-cr the spider, which enables one to remove the ad- 
hesive and inspect the balloon without displacing it. 

As soon as a patient comes under obsen'ation the existing 
hemothorax should be evacuated through the wound, even en- 
larging it w-ith forceps if necessary, and then the balloon is 
inserted. The wounded man may be sent in from the front line 
to the field hospitals in this condition, with the expectation that 
any bleeding from the !ung will raise the pressure of the pneumo- 
diorax- Should the hemorrhage appear serious the patient is 
told to breathe in deeply before tlie sac is inflated. 
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this means serious infection is avoided and a rapid cure results. 
On this point, I repeat, experience must still say the last word. 
I should attempt suture only in case the wound was large enougli 
to convince me that empyema would occur, and so located that 
drainage in situ would not be feasible. Having closed the 
wound by suture, I would later do a thoracotomy at a point 
better suited for drainage of the empyema. 

The insertion of the balloon is very easy. I have a series 
of different sizes ranging from yi cm. to 8 cm. in diameter, 
so that I can select the appropriate one for each particular 
wound. The introduction into the wound may be done with 
forceps, or, better still, with a probe. I proceed in this fashion : 
After having explored the wound to determine its direction, 
I insert a. probe with a blunt point, to avoid perforating the 
rubber, into the balloon, and upon this I stretch the rubber sac 
until it becomes of small diameter, and then I introduce it more 
or less deeply into the wound. If hemorrhage is going on and 
considerable pressure is therefore required, it must be deep 
enough to project into the pleural cavity; if, on the other hand, 
there is no Jiemorrhage, it may lie outside the pleura. The 
probe is drawn out, leaving the balloon in place, and air is then 
pumped into the sac with a syringe, or, better still, with a 
double-bulb Richardson insufflator, in order to inflate it and 
make it conform to the shape of the wound. The tube is then 
tied with a ligature so that the air cannot escape. Since the 
sac is shaped like an hour-glass, and its constricted part lies 
between the ribs, if the wound is not very large it can only be 
expelled with difficulty even during coughing. If a balloon 
not larger than one's thumb is used, adhesive or a bandage will 
suffice to keep it in place. If, on the other hand, balloons of 
three or more centimeters are used, it is well to secure them 
more firmly. For this purpose I use a metal cap shaped some- 
thing like a star with a small hole in the center (Figure 7). The 
tube passes through the central opening of the metal cap and the 
of this metallic spider serve to secure the projecting part 
of the balloon. When the thoracic opening is large the balloon 
is very easily expelled from the wound ; sometimes there is a 
greater tendency for it to be sucked into the thorax. For this 
reason the central opening of the spider is made smaller in 
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or better, by thoracotomy. The e%-aaiation of the pus always 
brings about prompt improvement, but recovery is slow be- 
cause the large pleural cavity has slight tendency to oWilcrale 
itself. It is difficult for the lung to become dilateil on accotiitt 
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power of the organ, and the existence of atmospheric pressure, 
exerted through the open thoracotomy wound, prevents it froni 
expanding. To these factors are added the large fibrinous de- 
posits which surround the lung, the resuhs of a preceding 
hemothorax or of the empyema itself. For these reasons the 
obliteration of the cavity is rendered difficult always and must 
be brought about in great part by depression of the chest wall. 
The result is that when recovery takes place serious anatomic 
changes are left behind, as well as loss or diminution of the 
pulmonary function. A result cannot be considered successful 
which does not approximately restore the hmg to its normal 
function, or at least leave it in such a condition that it can take 
up the work of the other should that one become diseased. 

On this subject I follow the ideas of my teacher. Professor 
Forlanini, who has written in a masterly manner ujx)n the 
treatment of empyema. I refer my readers to a jewel of reason- 
ing upon the subject of tlie treatment of pleural empyema 
published in II Policlinico of Turin, iSSo. No. lo. and the 
following numbers. We never see this work quoted, probably 
because it is written in Italian and therefore not read, while 
the work of Biilau on the same subject is often referred to and 
confused with the former, although quite different in concept. 
In this work Forlanini shows that the effusion should be en- 
tirely evacuated and air substituted for it, and that the pneumo- 
thorax must be maintained under constant negative pressure 
so that the lung may become dilated and the pus eliminated by 
means of air-tight drainage as soon as it forms. Professor 
Forlanini obtained hermetical closure of the pleural cavity in 
an ingenious manner by introducing a rubber tube through the 
canula of a trocar. Although I accept entirely the general ideas 
of my teacher, I have had to modify the technic in the case of 
war wounds, either because the empyemata were caused by 
large thoracic wounds, or because the thick pus mLxed with 
large coagula could not be evacuated through a tube of small 
caliber. In war empyemata early thoracotomy or pleurotomy 
is absolutely necessary. With a large opening it is difficult to 
obtain the hermetical closure which is absolutely necessary in 
order to exert aspiration upon the lung. After various attempts 
I believe that I have made a step toward the solution of the 
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I problem by means of rubber balloons which surround drainage 
■ tubes. As is seen in Figures 5 and 8. tliey consist of rubber 
I bags \-arying in size according to the wound, open at the two 
I ends, and traversed by a drainage tube. Air may be insufflated 
} into the balloon by the tube 7 (see Figure 8), without diminish- 
F ing the lumen of the resistant drainage tube to any considerable 
extent. 

The balloon is made in the shape of an hour-glass. If we 
insert it into tlie thoracotomy wound so that the narrowest part 
rests between the ribs and then insufflate air through the tube 7, 
the sac will dilate and so apply itself to the surface of the 
wound that hemietical closure results, while its hour-glass shape 
will render its displacement difficult. As regards closure, it 
functionates in the same manner as the balloon devised by me 
to check pulmonary hemorrhage in cases of open pneumothorax. 
The drainage tube is then connected by a glass tube with the 
tube of the complete apparatus, whidi is well shown in the 
cut (Figure 8). 

This apparatus is composed of a bottle (i), provided with 
' two openings, which is placed almost as high as the bed of the 
patient. The lower opening is joined by a connecting tube to 
the bottle ( 2) ; the upper is closed by a rubber two-hole stopper, 
into which are inserted the tubes leading from two three-way 
cocks. The cock (5) connects the bottle with the water manom- 
eter and with the outside air. and the stop<ock (4) connects it 
with the balloon (6) and with the bottle (3) full of irrigating 
fluid. Bottle ( i ) is about ihree^uarters full of some antiseptic 
solution. If we connect the drainage tube with the apparatus, the 
stop-cock and the bottles being placed as in the cut, the liquid from 
bottle ( I ) will have a tendency to pass into bottle (2) below, and 
will therefore create a suction in bottle ( i ) , which will be trans- 
mitted to the manometer and the pleural cavity. Since the 
system is intercommunicating, negative pressure, as measured 
by the connected manometer, wilt be produced in the pleural 
cavity according to the difference in level between the liquids 
in the two bottles. If there is a pyo-pneumothorax and the 
drain enters the fluid within the chest, we will first observe that 
pus flows from the pleural cavity into bottle (i), then that air 
passes into the bottle until the degree of rarefaction of the 





pneumothorax corresponds to the fig^e registered by the 
manometer. A negative pressure will be established in the 
pleural cavity which will compel the lung to dilate as much as 
its altered consistency, the thickened pleura or adhesions, permit 
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At first, when the aspirated lung is dilating and the pneumo- 
thorax is becoming rarefied, the level of the liquid in bottle i 
will fall; but when the equilibrium between the aspiration and 
the pulmonary dilatation becomes stabilized, the fluid cannot 
pass into the lower bottle 2 because there is a suction in the 
pleural cavity equal to that in bottle i. Should even the slight- 
est amount of pus form in the pleural cavity this equilibrium 
will be broken ; negative pressure becomes more marked in 
the bottle than in the pleural cavity and the pus will therefore 
be aspirated through the drainage tube and will drop into 
bottle I. At the same time an equal quantity of liquid will 
flow from bottle i into bottle 2 and the level of the liquid in 
the first bottle will remain unchanged. It is precisely this con- 
stancy of level, whatever be the amount of liquid flowing from 
the pleural cavity, that demonstrates the system to be air-tight. 
Thus the constant outflow of pus is obtained from the pleural 
cavity, while the manometer allows us to ascertain the amount 
of suction exerted on the lung. 

This suction is of the greatest value, because not only docs 
it oblige the viscus to dilate, but also causes it to functionate. 
If aspiration ts exerted through the thoracotomy wound and 
we then auscultate the thorax, we will notice more or less ex- 
tensive breathing, where before there was silence. These con- 
tinued respiratory movements mobilize the organ by detaching 
adhesions and permit its subsequent greater dilatation. We thus 
obtain the liberation of the viscus and the approximation of the 
two pleurae by dilatation of the lung and not by depression of 
the costal wall. In addition, I institute lavage of the lower 
part of the pleural cavity to remove even the pus below the 
level of the drainage tube. All that is necessary to bring this 
about is to turn the stop-cock 4 so as to close the connection 
with bottle i and to open that between the pleural cavity and 
bottle 3. After 50 to 100 c.c. of irrigating fluid have run into 
the thorax, cock 4 is turned to its original position. The 
equilibrium of the suction being broken by the fluid entering 
the pleural cavity, irrigating solution mixed with pus will run 
out into bottle i. and an equal amount from this bottle into 
bottle 2. The washing is repeated until the fluid runs clear. 
It is not wise to run in more than 100 c.c. at a time for fear 
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of diminishing endopleural negative pressure. Such a diminu- 
tion would vitiate the results of the aspiration by breaking 
newly formed adhesions and might even excite pleiu^o- 
mediastinal reflexes. I wish here to repeat that the pleura may 
be washed with safety if we avoid sudden increases of pressure. 
I use Gianettasio's chlorosol without dilution as an irrigating 
fluid at ordinary temperature, except that in winter I warm it 
slightly. Chlorosol has the great advantage of being nontoxic ; 
it allows us to remove the pus mechanically at frequent intervals 
without danger of infection or intoxication, Its bactericidal 
power, also, is of considerable value. I have not experimented 
with other solutions because the results with chlorosol have 
given me full satisfaction. Physiological saline solution may 
also be used, but the fact that it requires sterilization is a great 
disadvantage. It is easily contaminated and is therefore little 
used in hospitals where sterilization is diflicult. For the first 
few days I wash out the pus many times each day ; later, less 
often. This rule is not absolute but should be modified accord- 
ing to the case. 

During lavage the level of the liquid in bottle i will remain 
constant. Not so that of bottle 2, which will be observed to 
rise, thus necessitating partial emptying to reestablish the origi- 
nal suction. Should the level in bottle i fall, it is a sure sign 
that the system is not air-tight, and unless the fall is due to 
rapid dilatation of the lung caused by the rupture of adhesions, 
or to the chance perforation of the lung, which is always pos- 
sible in pulmonary wounds, the cause is to be found in the 
poor fit of tlie rubber stoppers or in leakage around the balloon 
inserted into the chest wall. In the latter case the sac must be 
inflated more, or another one substituted which is better adapted 
to the size of the thoracic wound. A slight lowering of the 
level of liquid in bottle i with subsequent slow emptying is of 
little importance, because suction continues just the same when 
the aspiration produced by the passage of liquid from bottle i 
to bottle 2 is sufficiently great to overcome the escape of air. 
To compensate for this slight loss it is not necessary to replace 
the balloon or to dismantle the apparatus; all we have to do 
to fill bottle I is to set stop-cock 5 so that communication is 
opened with the outside air and raise bottle 2 ; the fluid will 



TREATMENT II5 

[ now pass back from bottle 2 into bottle i. We tlien set the 
stop-cock again in communication with the manometer and 
lower bottle 2; the apparatus is once more in condition to 
functionate perfectly. Before, however, we open the commu- 
nication with the outside air and raise bottle 2, it is well to 
pinch the rubber tube leading to the chest in order to avoid 
diminishing the endopleural negative pressure. 

I have said tliat the greater difference there is between the 
levels in the two bottles the greater is the suction exerted upon 
the lung. It is better, in treating the empyemata of civil life, 
to begin with a slight difference in level and to increase it 
gradually to avoid detaching pleural adhesions too rapidly. 
This is also true with empyemata following wounds of the 
lung ; nay, rather in these cases compression should precede as- 
piration. When I find myself confronted with a wound com- 
plicated by such an open pneumothorax that I am without hope 
of avoiding empyema, I do not lose precious time by closing 
the wound with a hemothorax balloon, which will only allow 
the development of bacteria in the bloody effusion, but I apply- 
instead a drainage balloon. Since, however, immobilization is 
necessary to insure the arrest of hemorrhage and the early 
healing of the lung, I maintain a positive pressure in the ap- 
paratus instead of exerting suction. All I have to do to bring 
this about is to raise bottle 2 to the position shown in 2 fru in 
the illustration ; then, since the level of the liquid in bottle 2 
is now higher than that in bottle i, air will pass from bottle I 
into the pleural cavity and thereby increase the tension of the 
spontaneous pneumothorax. The manometer will register the 
positive pressure thus obtained, which, if there be danger of 
hemorrhage, can be pushed up to twenty or more centimeters 
of water. Drainage still continues, because every drop of pus 
which arises from the empyema in the pleural cavity increases 
the tension of the pneumothorax above the air pressure in 
bottle I ; therefore the pus will flow out into the bottle, not 
because it is sucked out, but because it is forced out. The same 
thing happens when we do a lavage. To hasten the washing, 
bottle 2 may be lowered temporarily, provided that the rabber 
tube from the chest is pinched promptly when air instead of 
liquid begins to escape through stop-cock 4. In short, it is all 
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right to allow the escape of the liquid which has run in, but we 
must not pennit the escape of the air, which serves to compress 
the lung. 

After ten days of active compression it is well to place the 
two bottles so that the liquid in both will be at the same level. 
which will keep the lung subjected to atmospheric pressure. It 
is maintained thus for another five days. After fifteen days 
of immobilization we can assume that sealing of the wound has 
occurred. Only then may we begin to lower bottle 2 and thus 
begin suction upon the lung. From day to day we increase the 
difference in level, being prepared to collapse the lung again 
whenever any sign arises of too rapid pulmonary dilatation. 
With this procedure the patients rapidly improve in general 
condition, the process of recovery is hastened, and, if the em- 
pyema is recent and the destruction of lung tissue is not too 
extensive, results are obtained which show no thoracic deformity 
and exhibit the best possible restoration of function. If we 
auscultate the chest of the patient when the apparatus is set so 
as to produce aspiration, evidence of satisfactory respiration is 
almost always obtained. 

It appears strange that the tissues of the thoracotomy wound, 
which are compressed by the balloon instead of being bathed 
in pus, as happens when in contact with a stiff rubber drainage 
tube, become in a few days clean, rosy, and granulating, almost 
as if the compression had been beneficial. I have spoken of the 
same thing happening with the closed hemothorax balloons. If 
the wound does not embrace the balloon too strongly it closes 
slowly. I leave the sac in place as long as possible without 
changing it. At first it may have to be replaced frequently, 
eitlier because it becomes extruded on account of not being 
adapted to the wound, or because we may have to remove it 
in order to get out through the thoracotomy opening the large 
fibrinous clots which become detached and may occlude the 
drainage. After that it suffices to change it every four or five 
days, or even at longer intervals. It should be changed every 
time that pus works out between it and the chest wall. I am 
accustomed to fasten the balloon in place by means of the spider 
previously described. This covers the projecting part of the 
sac and protects it. and at the same time steadies the drainage 
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tube and does not allow it to be displaced. The spider has a 
hole a little smaller than the drainage tube in the center for 
this purpose. It is maintained in position by strips of adhesive 
plaster and by a bandage. It is exactly like the one which I 
use to hold the hemothorax balloon in place, the only difference 
being that the central hole is larger. 

Up to the present I have employed this method in many 
wounded patients and in all I have had the most encouraging 
results. In two I obtained closure of the thoracic wound in less 
than fifty days; in three I secured very rapid and unhoped-for 
improvement, and such a reduction of the cavity of the pneumo- 
thorax as to make me presume that the cure was not far dis- 
tant. The general retreat of the army prevented me from 
following these cases to the end. 

I have ventured to publish this method before compiling large 
personal statistics because of the universally good results ol>- 
tained, and because I have hoped to help other patients by so 
doing. Moreover, the idea of suction has already been ad- 
vanced by many other authorities, and all I have done is to 
modify substantially the technic, which now appears to me to 
be on a practical basis. It is certain that the method will be 
easier of application and more surely successful in the empye- 
mata of civil life than in those of war, since in the former the 
visceral pleura is intact, and we can in a short time exert con- 
siderable suction without fear of rupturing the lung. The for- 
mation of adhesions is not only much facilitated by dilatation 
of the lung, but is also rendered more rapid, since the two 
pleurae thus come in contact with each other over a much 
greater surface : therefore recovery proceeds in geometrical 
rather than in arithmetical progression. 

Tlie only disadvantage of the method is that the patient must 
at first be kept more or less immobilized. The advantages, how- 
ever, outweigh the disadvantages, and as the rubber tube con- 
necting with the apparatus may be very long, the patient is able 
to sit up or turn over comfortably. If there is not much pus, 
repeated lavage will not be necessary; and if liberty of move- 
ment is required, we can use, even at first, a simpler method, 
which I usually initiate later when the lung is welt dilated and 
the purulent discharge small in amount. I then substitute for 
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the glass bottles a rubber bottle with stout, collapsible walls 
of about 200 C.C. capacity. Tliis is joined to the drainage bal- 
loon by rubber tubing and a three-way cock. With the cock 
set one way pus is aspirated from the pleural cavity and the 
lung is dilated. The side branch serves to expel the liquid 
drawn into the rubber bottle from the pleural cavity, or to expel 
air from the bottle when we wish to increase the suction. The 
same stop-cock can be used as in Figure 8, inserting in the neck 
of the rubber bottle the bent branch which, in the illustration, 
goes into the bottle. A long rubber tube connects the slop- 
cock with the drainage balloon. Thus equipped, the individual 
may leave his bed. This method is especially applicable for 
children, even from the first, as it allows liberty of motion. 
Even while suction is being exerted by the rubber bottle it is 
possible to wash the pleura by attaching a three-way cock or 
a simple T-tube connected with an irrigating bottle; or, for that 
matter, directly through the discharge tube itself. To start 
suction we turn the cock so as to put the rubber bottle in com- 
munication with the outside air, and compress it so as to drive 
the air out of it and create a vacuum. We then turn the cock 
so as to open the communication between the rubber bottle and 
the chest, which begins the aspiration of the pneumothorax. 
By discharging the air thus aspirated to the outside tlie suction 
may be increased up to the [Kiint where the bottle remains col- 
lapsed. We will observe that its walls will dilate during ex- 
piration and sink in during inspiration according as the lung 
functionates. If its walls are strong it will cause the lung to 
dilate. As pus accumulates in the bottle it may be emptied in 
the same way that air is expelled from it. 

Ultimately the wound of the chest wall is treated with surface 
dressings or with a small drain. If, however, the lung has a 
tendency to detach itself from the deep surface of the wound, 
a slight suction can be maintained with an apparatus constructed 
like an ordinary breast pump. In this case, however, I do not 
apply tlie suction directly on the skin but interpose a sheet of 
rubber, after the method of Storck, In this way the apparatus 
fits better and the skin is not injured by too strong a suction. 

If the empyema is treated through a thoracotomy opening 
and not through the wound caused by the projectile, the opera- 
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tor should remove only a very small piece of rib in order that 
the balloon may make a tight fit and the opening not be too 
large. This is all the more desirable, because the presence of 
the balloon in the wound presents it from closing too rapidly. 
In so far as possible the skin incision should be of the same 
length as the piece of rib removed, thus the balloon will be 
retained not only by the opening in the rib but also by the other 
tissues. It is assuredly easier to make an air-tight fit with a 
simple pleurotomy, but the sui^eon must consider each case 
separately and decide which operation he prefers. 

The axillary region is the place of election for the opening, 
because the sac is not so likely to become interfered with here 
when the patient is in dorsal decubitus or in the sitting position. 

The scheme of pulmonary suction is too logical not to be 
followed. I believe that up to now it has never been largely 
employed, owing to lack of general experience with it. Her- 
metical closure was too difficult to obtain with other methods 
if the opening was large; and the drainage was apt to become 
blocked if it was too small. Methods of suction drainage ap- 
plied on the surface (Storck), those with sheets of rubber 
(Perthes, Nordmann, Egidi), and those with drainage tubes 
sutured to the skin (ReviUod), appear to me either too com- 
plicated or not perfectly air-tight. They usually fit well during 
inspiration, but when pressure arises in the pleural cavity dur- 
ing coughing they become deranged and pus leaks out. The 
thoracotomy woimd is constantly contaminated with pus. being 
practically bathed in it, and the possibility of local and general 
infection arises. With the balloon tliis rarely happens if the 
technic is good. As I have already said, it possesses the ad- 
vantage of not bruising the margins of the wound; on the 
contrary, by preventing the leakage of pus and perhaps even 
by the compression which it exerts, it really improves its con- 
dition. I have already summarized the technic of applying the 
drainage balloons. Now I shall speak of it more in detail. 

I employ either balloons already perfectly cemented to the 
drainage tube and absolutely air-tight, or else balloons open 
at both .ends, as shown in the cut, into which I may insert what- 
ever drainage tube I desire, either rubber or glass, large or 
small. These balloons, however, present the disadvantage of 
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allowing in the long run a very slight loss of air between the 
sac and the drainage tube, when, of course, the closure is no 
longer hemietical. The most practical means of inserting the 
drainage tube in the balloon is to use an ear specuhim of mod- 
erate size. I introduce the smaller end of the speculum into 
one of the openings of the sac and draw the balloon over it 
until the tip of the speculum enters the other opening also. I 
now pass the drainage tube, with its end cut on the bias, through 
the speculum, stretching it as I do so. I now withdraw the 
distal part of the sac from the speculum and draw it over the 
tube, then, holding tliis part fixed and removing the speculum, 
I draw the balloon over the tube until it is in the desired posi- 
tion. I then slip the speculum off the rubber tube. After the 
sac is introduced into the wound I inflate it with a Richardson 
syringe until there is no escape of air between the balloon and 
the chest wall, when the drainage tube is held closed and the 
patient is instructed to cough. Some folds of gauze slit in the 
middle are placed around the projecting portion of the balloon 
and the metal spider is applied. I have already said that the 
hole in the spider must be a little smaller than the caliber of 
the drainage tube so that it fits very closely. The legs of the 
spider are so bent that they surround the balloon and impinge 
through the gauze upon the chest wall. Above the spider 1 
place a large piece of gauze, which covers everything and pre- 
vents the adhesive from becoming adherent to the other parts 
of the dressing, which would make it diffiailt to remove for 
inspection. I then secure the whole thing with strips of adhe- 
sive which bind the metal cage to the thorax and pass over its 
summit in close proximity to the drainage tube. Thus the 
strips of adhesive prevent the balloon from being extruded and 
the tight fit of the drainage tube in the hole of the spider pre- 
vents the balloon from being drawn into the thorax. The 
drainage tube is then joined to the apparatus, as in the cut. 
Before I connect it I always leave the tube open, so that if 
the patient should cough the air would escape tlirough it instead 
of raising the pressure in the pleural cavity to the point of 
expelling the balloon. This is particularly important when the 
opening is large. 

Sometimes it happens that after the apparatus is working a 
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large piece of pseudomembrane may occlude the tube. Suction 
upon the tube by pinching and stretching it, or else lavage, 
is often all that is necessary to clear it without disconnecting 
the apparatus. Here, however, the individual technic of the 
surgeon will find a way of dealing with whatever difficulties 
may arise. 

I recommend that one never allow one's self to attempt to 
hasten the cure of a lung wound by beginning suction too early. 
In two cases recently under observation I produced rupture of 
the King by beginning suction too early; in one case, on the 
eighth day, and in the other by increasing it too rapidly, — after 
five days. It was only necessary, however, to raise bottle (3) 
in each case to reestablish positive pressure and promote heal- 
ing again. This point is instructive also because it demonstrates 
the mechanism of both healing and rupture of the lung in the 
ordinary case. In other words, pneumothorax favors closure 
and healing of the wound in the lung; too rapid absorption of 
a pneumothorax produces reopening of a wound which is not 
completely healed. Therefore I wish to repeat here that for 
ten days the pressure must be kept positive, — up to 1 5 or even 
20 cm. of ivater, — then for five days it must be maintained at 
zero, that is, at atmospheric pressure, by placing the two bottles 
at the same level ; then suction is begun, increasing it a few 
centimeters each day until it is carried up to about 60 cm. 

I use a water manometer to register the difference in level 
between the two bottles, since it is so sensitive that it shows 
the movements of the lung and the negative pressure in the 
pleural cavity. When the water oscillates we may be sure that 
the pressure in the pleural cavity is being registered. If it 
does not oscillate no such certainty exists, because the drainage 
tube might have become dosed by a plug, and then the manom- 
eter would simply register the difference in level between the 
two bottles. 

Any one can see how the apparatus may easily be simpHfied. 
Y-tubes with Mohr clamps may be substituted for the three- 
way cocks. If we only wish to produce suction and do not 
desire to wash the pleura, we can substitute a simple bent tube 
for the three-way cock (4). 

If we wish to raise the suction above 60 cm. of water for 
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ordinary empyemata, we can use in the manometer liquid of 
a greater specific gravity, such as chloroform or even mercury, 
instead of water. Such a liquid will not. however, register the 
respiratory movements so deHcately. 

With hermetical closure, in addition to the other ad\'antages 
already mentioned, we obtain the greatest cleanliness, reduce the 
chance of secondary infection of the pleura, and prevent trau- 
matopnea. With this method, by an increase of pressure in 
the pneumothorax, for the reason already given on page 51, 
dyspnea may be relieved by opposing counter-resistance to the 
mediastinum. 

Before finishing with the subject of empyema, I wish to say 
that from my experience it seems advisable before performing 
a thoracotomy to do a tiioracentesis by the method already de- 
scribed, by which we substitute an equal quantity of air for 
the pus evacuated. This method is demanded in patients with 
lai^ effusions who are in grave condition. In these patients 
it is not infrequent that death occurs a little while after the 
thoracotomy, or possibly some hours or days later, in conse- 
quence of the original traumatopnea. Thoracotomy performed 
on patients with the fluid already withdrawn and a pneumo- 
thorax already established is usually well borne. I recall a 
patient with serious dyspnea and an arhythmic pulse of 150. 
from whom I extracted four liters of pus without a cough. 
The condition immediately improves after thoracentesis; a 
thoracotomy done the next day on a conscious patient will not 
cause any untoward result. Should the pneumothorax chance 
to be under too great pressure the patient will have a sense 
of relief after the thoracotomy instead of traumatopnea. This 
fact leads me to believe that the grave chain of signs and symp- 
toms which we call traumatopnea is not alone due to the large 
sire of the thoracic wound, and to the opportunity that the 
mediastinum has to oscillate, but in a large part to pleural re- 
action. This pleural reaction induces disordered breathing, and 
4tMcially forced expiration, which is very harmful for the 
ftl>*on» I have previously given. When, on the other hand, the 
MCKnt has become accustomed to breathe with a single lung, 
i^vltrty breathing still continues even after opening the thoracic 
^KV^R. He keeps the open half of his chest immobile and 
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breathes with the other, and does not make forced expirations, 
which is a point of particular importance. It is by all means 
prudent, when doing a thoracotomy, to have ready at hand 
drainage balloons to close the wound immediately should any 
untoward symptoms arise. 

I am so convinced that traumatopnea is caused by the mechan- 
ism I have described that I believe it would be the best thing 
possible to produce a preliminary pneumothorax some days 
before undertaking many surgical operations on the Uing, ex- 
cept, of course, in cases in which it is considered desirable to 
produce the reverse condition ; that is to say, pleural adhesions. 

In conclusion, the treatment of empyema should be first of 
all prophylactic. If bacteriological examination shows that in- 
fection has occurred, but that pus has not yet formed, it is 
advisable to withdraw the fluid and substitute air, following 
the evacuation with lavage of the jJeural cavity. If, however, 
empyema occurs in spite of this, we must do a pleurotomy or 
thoracotomy followed by suction drainage, always preceding 
the suction by an initial compression if there is a recent wound 
of the lung. 

In the empyemata of civil life the course of the treatment 
is more simple, for, there being no serious fear of rupture of 
the lung, considerable suction can be started at once. 
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CHAPTER IV 

CLINICAL EXAMINATION OF THE PATIENT 
WITH WOUND OF THORAX 

"LTAVING studied the technic, it is well to consider the thera- 
peutic indications derived from a study of the wounded 
man himself as soon as he has reached the place where he is 
to be treated. 

The first fact to establish is whether a given thoracic lesion 
is purely parietal or pulmonary as well. The decision is simple 
when there is a throug'h-and-th rough wound, since the points 
of entrance and exit will indicate this, with almost certain pre- 
cision, but it is not so easy in case of a contusion or a single 
wound of entrance. In such a case we may have to deal with 
a simple parietal lesion, a pulmonary contusion, or a wound 
with the projectile in the pleural cavity, the lung, or other 
viscus. 

I have already stated that one third of the cases admitted to 
the hospital with diagnoses of penetrating wounds of the thorax 
have merely lesions of the parietes. There may be a contusion 
of the thorax without lesion of its contents; the projectile strik- 
ing a glancing blow may have passed a considerable distance 
along the thoracic wall without penetrating the pleural cavity. 
It is obvious that radioscopy may throw much light on this 
subject, but many units arc unprovided with this precious aid ; 
and furthermore it cannot always give absolute certainty, for, 
as I have already said, the projectile may remain in the parietes 
and yet produce pulmonary lesions by contre coup. I believe also 
that it is well at first to use radioscopy with prudence in the 
study of wounds of the thorax, since it is not well to move these 
patients about, and those with hemothorax require radioscopic 
observation in the erect position. An accurate clinical exami- 
nation with recognition of the condition of the respiratory ap- 
paratus is a requisite for the proper treatment of the soldier 
wounded in the thorax. One should Hot intervene by the pro- 
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posed method if one does not find signs that positively assure 
the presence of a pulmonary lesion, but if sitch signs are present, 
the intervention should be systematic. 

First of all, the history should be ascertained. The usual 
story of a man wounded in the lung is that he has received 
a sudden severe blow which has knocked him down; that he 
has been seized with an immediate fit of coughing with the 
expectoration of blood. The statement is often made that after 
the first sudden collapse he soon recovers, and is able to resume 
his fighting, or his work for a time. Bloody expectoration may 
occur at once, and then disappear for several hours, to reappear 
later. While the history of bloody expectoration is of great 
value, it is not sufficient in itself to warrant intervention, since 
the blood may come from elsewhere than the lung. 

The subjective symptomatology varies in different cases ; ex- 
ceptionally those wounded in the lung experience scarcely any 
pain, and little dyspnea; generally they complain of localized 
pain more or less intense, and are apt to have a more anxious 
or agonized appearance than those wounded only in the parietal 
wall. The latter have dyspnea proportionate to the pain of 
breathing, while in the former it is disproportionate. Those 
with wounds of the chest wall, in which the rib is fractured and 
presses against the lung, may be gravely dyspneic; but even in 
such cases the pain is the predominating feature. The dyspnea 
is accentuated by local pressure. A man wounded in the lung 
has almost always a characteristic type of respiration; inspira- 
tion is brief, and its brevity is almost always due to pain; if 
there is no pain the patient can be induced to draw a deep 
breath. Expiration shows a constant characteristic, in that it is 
violent, and grunting, almost like a cough. This fact, I be- 
lieve, is due to a state of diaphragmatic contracture and should 
be correlated to the other very common sign, namely, rigidity of 
the abdominal wall. This is often so striking as to lead to the 
suspicion of an abdomino- thoracic injury; the differential diag- 
nosis is in reality very difficult without radioscopic localization 
of the projectile. 

It is of importance to note that those wounded in the lung 
and pleura exhibit tachycardia almost constantly; it is not un- 
usual at first to have a pulse of 120 to 150. This fact does 
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not contraindicate an intervention, since with elimination of 
the element of irritation the pulse, as well as the respiration, 
may become slower. One should bear in mind this form of 
tachycardia in abdomino-thoracic lesions, and abandon at once 
the former precept of nonintervention in cases in which the 
pulse is above 1 20. The pulse may be rapid in cases of hemo- 
thorax due to loss of blood. 

Of chief diagnostic importance is examination of the thorax 
itself. Inspection of the wound, if through-and-through, usually 
indicates whether or not tlie lung is wounded, except in the rare 
cases, in which a rib may have deflected the projectile, or in 
which the wounds of entrance and exit are such as to cause 
doubt as to whether the projectile may not have penetrated the 
pleural cavity without lesion of the visceral pleura. This is not 
an infrequent occurrence, as the lung yields readily. Above 
all, one should note whether the parietal wound is closed or 
open. A cough or a slight separation of the edges of the wound 
may often demonstrate, by the noise of the passage of air into 
the pleural cavity, that a wound is really open, which at first 
seemed closed. It is important to establish this fact for the 
institution of appropriate treatment. If the wound is closed, 
it should be ascertained if the projectile has wounded the lung, 
and we may be assured of this by the establishment of at least 
one of the following signs: (i) Hemoptysis, (2) subcutaneous 
emphysema, (3) pneumothorax, (4) hemothorax. The first is 
a positive sign, but it often may be lacking at the time of ex- 
amination, especially if there is a coexisting pneumothorax: 
the second is a sign of absolute certainty, but is often lacking ; 
the third and fourth are almost pathognomonic, except only for 
the rare occasions when they may be of parietal origin. Since 
it is verj- rare that a penetrating projectile wounds the parietal 
pleura to such an extent as to produce pneumothorax or hemo- 
thorax without also wounding the lung, I believe that every 
time one meets with these signs intervention should be under- 
taken, especially as thoracentesis cannot but be useful, and arti- 
ficial pneumothorax also, as it prevents the formation of severe 
adhesions and abolishes the force of pleural aspiration, an 
aggravating factor in hemorrhage from either source.* 
' Savioui: Congresso di Chirurgta, Bologna, 1917. 
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As regards hemoptysis, in the early days of the war, if it 
was an isolated and slight symptom I did not intervene. Now, 
even if it is slight, I induce a pneumothorax as a matter of 
routine. Too often I have seen hemoptysis followed by a 
slowly forming hemothorax, which finally becomes voluminous, 
or a grave broncho-pneumonia supervene. A prompt interven- 
tion would eliminate these complications and facilitate the rapid 
cicatrization of the lung. If no complication arises, after a 
few introductions of air into die pleural cavity, the patient may 
be allowed to leave his bed in a short time, and complete cure 
may be expected promptly. I did not at first advise routine 
intervention for slight lesions, because the induction of a 
pneumothorax with the primitive apparatus did not guarantee 
against the danger of air embolism; but since tlie later modifi- 
cations give this absolute guarantee, I now advise routine in- 
tervention even for minimal lesions; hundreds of radioscopies 
and almost as many radiographs have demonstrated to me that 
pneumothorax in itself produces no ill results. 

Subcutaneous emphysema is a sure sign of a pulmonary wound, 
but as an indication for intervention, it should be studied in 
its relation to hemothorax and pneumothorax. I have already 
stated in a previous chapter that emphysema may be due not 
only to a thoraco-pulmonary perforation at the site of pleura! 
adhesions, but also to a pulmonary lesion with pneumothorax, 
in which the pressure had been rendered positive before the 
wound of the parietal pleura had become sealed. If a pneumo- 
thorax, even a small one, exists, the treatment is easily ap- 
plicable, since it will suffice to augment it; if it does not already 
exist, one should not for this reason alone abandon the attempt 
to produce one. There may be adhesions at the site of the 
wound, such as to permit the formation of even a generalized 
emphysema, while the pleura is free elsewhere. I will say more 
of this under the treatment of generalized emphysema. Em- 
physema renders the recognition of the presence of air or fluid 
in the pleural cavity much more difficult, since it nullifies the 
value of percussion. 

The physical signs of massive pneumothorax are striking. 
One hemithorax is observed to be more expanded than the other 
and less mobile; it is held constantly in a state of inspiration; 
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if on the left side, one notes the disappearance of the apex 
beat of the heart. On palpation one notes the absence of tactile 
fremitus; on percussion one notes the clear tympany which 
reaches to the lower limits of the complementary space, and the 
absence of cardiac dullness if the pneumothorax is on the left, 
or of hepatic dullness if on the right, these viscera being dis- 
placed. On auscultation one notes the absence of breath sounds. 
Upon auscultatory percussion if the pneumothorax is moderately 
tense and the thorax elastic one may elicit the coin phenomenon. 
The diagnosis is difficult if the pneumothorax is slight, and I 
repeat its recognition is of great importance, since it is rarely 
lacking in a wound of the lung with lesion of the visceral 
pleura. The diagnosis is based especially on the peculiar tym- 
panitic note, diffiadt to recognize unless one has had much 
experience with therapeutic pneumothorax, and even more on 
the disappearance of cardiac or hepatic dullness and the dis- 
placement of these organs. With a lesion of the right hemi- 
thorax the recognition of the apex beat to the left of the 
midclavicular line is of great significance, if a preexisting condi- 
tion such as a pleuritis which may have drawn the heart to the 
left can be excluded. Vice versa, in a left-sided lesion, cardiac 
dullness to the right of the sternum is an important sign. A 
constant symptom is the diminution of breath sounds on the 
injured side. It is also significant if the limit of clear tympany 
on the affected side is at a lower level tlian the limit of the 
normal percussion note of the sound lung; indicating that the 
pneumothorax has invaded the complementary space, and as 
a result of this the mobility of the margin of the lung in in- 
spiration is eliminated. The three principal symptoms of a small 
pneumothorax, let me repeat, are diminution of breath sounds, 
displacement of heart or liver, and the absolute disappearance 
of their normal areas of dullness. The diagnosis is easy if at- 
tention is paid to the above-mentioned points; otherwise difficult. 
Too often one finds even massive pneumothorax undiagnosed, 
and this error is easily explained. The tympanitic percussion 
note is mistaken for the pulmonary note, and the respiratory 
sounds which may be heard on auscultation may be transmitted 
from the other side. 
The diagnosis of massive hemothorax is easy; that of slight 
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hemothorax oftentimes difficult, but nevertheless of great im- 
portance, since the presence of even slight quantities of blood 
demands intervention. The signs are those of pleural effusion, 
which are too well known to require repetition, only it should 
be noted that error is easy on account of the frequent presence 
of pneumothorax. The latter causes retraction of the lung and 
depression of the diaphragm, and so even considerable amounts 
of liquid occupying the space underlying the normal limits of 
the lung may not be diagnosed. Exploratory puncture solves 
the problem : A thoracentesis may permit the evacuation of 
several hundred cubic centimeters of blood when its presence 
was hardly suspected. The diagnosis becomes easy if one studies 
the mobility of the effusion. It is to be noted that while fluid 
alone in the pleural cavity ordinarily has scarcely any mobility, 
it Ijecomes exceedingly mobile, obedient to the laws of gravity, 
whenever it is accompanied by the presence of air. It suffices, 
therefore to note the superior limit of dullness while the patient 
is in the sitting posture, and then inclining the patient to the 
front or back to obser\'e the change in those limits. Explora- 
tory puncture, I repeat, is the court of last resort in doubtful 
cases. For exploratory puncture I recommend the use of a 
large needle connected with a syringe with perfectly fitting 
piston, which will permit of aspirating air and thus demonstrate 
the presence of a pneumothorax. There should be no doubt 
of the air coming from the pleural cavity rather than from 
outside owing to a leaky syringe. At times one is hampered 
in the aspiration of a hemothorax by the presence of clots. In 
such cases the needle should be inserted more deeply, or its 
direction changed, either downwards or. better, upwards. It 
often happens that an exploratory puncture made at a low level, 
as is the usual practice in pleural effusions, gives a negative 
result, while if it is repeated at a higher level of dullness the 
fluid will be reached : this fact is due to the tendency of coagula 
to gravitate to the complementary space. This should be borne 
in mind. It seems to me that exploratory puncture should be 
used in all ca.ses of doubt. It can do no harm, and may on 
the other hand indicate the line of treatment; and, furthermore, 
I believe it to be less harmful than a prolonged and minute 
clinical examination of the chest. In this connection great pm- 
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dence is recommended during the examination; it should be 
brief, and the wounded man not subjected to useless fatigue. 
One should bear in mind that the woimded are often the sub- 
jects of hemorrhage and dyspnea, and that the slightest addi- 
tional burden may augment both, and excite the pleural reflexes, 
always a source of danger. Orderlies should be trained to spare 
all fatigue to the wounded soldier, who is instructed to relax 
himself and make no efforts of resistance. 

After a rapid examination, one's first effort should be directed 
to diminish the pleural reflexes, if they exist, by an injection 
of morphine. An initial dose of one-half centigramme is recom- 
mended, to be repeated with even bigger doses if necessary. 
Too large a dose at first may induce vomiting, which in dyspneic 
patients, who require the most complete rest, may result fatally. 
If there is severe hemorrhage an immediate hypodermoclysis 
is given, and at the same time one proceeds with the interven- 
tion on the lung to prevent further hemorrhage. 

These patients are often thirsty, as is the case with all who 
have lost blood. It is the usual custom to forbid the ingestion 
of fluids in these cases, confounding them with cases of ab- 
dominal injury. If the hemorrhage is not sufficient to require 
immediate hypodermoclysis, I encourage the frequent ingestion 
of liquids, so that in a few hours large quantities are taken. 

The treatment differs according to whether the parietal wotmd 
is open or closed, and whether or not pleural adhesions exist. 
Let us examine the various problems which arise in the two 
principal types of cases. 



CLOSED WOUNDS OF CHEST WALL 

I. Closed IVounds of Chest Wall Accompanied by Simple 
Contitsion of the Lung. 

This is indicated by the absence of hemothorax or pneumo- 
thorax, and by the presence of hemoptysis. In such cases I 
induce an artificial pneiunothorax introducing greater or less 
amounts of air according to the degree of hemoptysis, If the 
expectoration of blood is abundant and threatening, I introduce 
sufficient air to render the pressure positive; if it is slight, 3 
pressure equal to that of the atmosphere, or but slightly above, 
suffices. Concerning tlie volume of air to be introduced at a 




CLINICAL EXAMINATION OF THE PATIENT 



sing^le sitting, I repeat what I have already stated, — that precise 
:ures cannot be given, since if the pleural cavity is free a 
I large amount will be required to obtain positive pressure, while 
if there are adhesions even slight amounts may produce a strong- 
positive pressure. Even approximate figures cannot be given, 
as in nearly every case a spontaneous pneumothorax already 
exists even if it cannot always be diagnosed, and according to 
1 its volume greater or lesser amounts of additional air are re- 
quired. Since the therapeutic concept is to obtain immobiliza- 
tion of the lung, we should be guided by the degree of pleural 
I tension as registered by the manometer, rather than by the 
I quantity introduced. It is well, however, never to reduce too 
I rapidly the respiratory area; therefore, unless there is urgent 
need on accoimt of severe hemorrhage, more than 500 to 800 c,c, 
of air should not be introduced at one time. I advise that if 
one can obtain a positive pressure of 4 to 8 cm. of water, with 
the introduction of a few hundred cubic centimeters of air, not 
to go further. If, on the other hand. 800 c.c. is not sufficient 
to pro<luce positive pressure, it is preferable to desist, and in- 
tervene again after a few hours. On the following day the 
artificial pneumothorax should be reinforced, and at this time 
one can determine definitely the amount of compression required. 
Usually another reinforcement is required after two days more. 
For slight cases three or four introductions suffice, but one 
cannot give absolute rules concerning this. Some pleurae have 
greater absorptive powers than others. In cases where there 
is little or no hemothorax the compression need be maintained 
only for a short period of time; if, on the other hand, the hemo- 
thorax is severe, it is best to maintain it longer. Compres- 
sion should be maintained longer, particularly in cases in which 
tile projectile remains in the lung. If the pneumothorax which 
I is produced is of large volume a few renewals suffice; if of 
slight volume they should be frequent, since in the latter case 
1 even a slight absorption permits of the resumption of the 
I respiratory function, which is not the case in the former. Aus- 
t cultation is the best guide. The respiratory sounds should be 
made to disappear; if slight pressures suffice to produce respira- 
tory silence, a few renewals will be required; if, on the other 
hand, high pressures are required, the operative act must be 
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repeated oftener. As a rule three to five introductions are 
sufficient. After ten to twelve days of active compression spon- 
taneous absorption is allowed to take place, and the lung per- 
mitted to reexpand. If the active compression is performed 
shortly after the receipt of the wound, complications are rare 
and convalescence is smooth. 

2. Closed Wounds of Chest Wall Accompanied by Slight 
Pneumothorax but without Hemothorax. 

It suffices in such cases to increase the existing pneumothorax 
up to the point of slight positive pressure. Few renewals are 
required, and pressure but little above that of the atmosphere 
suffices, if the projectile is not located in the lung. If the pro- 
jectile is located in the lung the pressure should be higher, 
sufficient to give absolute immobility, and exert compression even 
during inspiration ; it should be maintained for a longer period 
of time also, at least two weeks to facilitate the encysting of 
the foreign body. This rule should be followed in any kind of 
wound in which a projectile remains in the lung. 

3. Closed Wounds of Chest Wall Accompanied by Volumi- 
nous Pneumothorax but ivilhout Hemothorax. 

The pressure of the existing pneumothorax should be ascer- 
tained. If it is too high, and there is severe dyspnea, instead 
of introducing more air. air should be evacuated reducing the 
pressure to the maximum which can be supported comfortably 
by the patient. If, for example, there is a positive pressure 
of 20 cm. it is reduced to i.;. At the same time opiates are 
administered. It might seem irrational to evacuate air on the 
ground that the pressure has reached such a degree only as was 
required to close the wound of the lung. One should consider, 
however, that the active pleural reflexes may at first have been 
called into play, with irritable cough, in the course of which 
the accompanying deep inspirations may have drawn into the 
pleural cavity an amount of air necessary to produce closure of 
the wound under the severe conditions of paroxysmal coughing. 
In tliis connection it is to be observed that at the same time 
that one relieves the harmful hypertension, one should also by 
means of opiates relieve the cough. Furthermore, one should 
consider, and this is the strongest reason why air may be evacu- 
ated without danger, that the volume of air which has entered 
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the pleural cavity was such as was required to close the pul- 
monary wound, the air being drawn in at the temperature of 
the atmosphere; but having entered the pleural cavity, its tem- 
perature is soon raised to that of the body, it consequently ex- 
pands, producing hypertension. At least this increase due to 
the expansion of the air may be corrected without danger. Dur- 
ing the following days renewals of air are made to maintain a 
constant pressure. I have already stated that a spontaneous 
voluminous pneumothorax is a fortunate circumstance for the 
individual with a pulmonary wound ; at times it may suffice for 
a complete cure without renewal, if the pleura has not great 
absorptive powers. 

4. Closed Wounds of Chest Wall Accompanied by Slight 
Pneumothorax and Slight Hemothorax. 

If the hemothorax is slight it may be unnecessary to evacuate 
it; it will suffice to increase the pressure of the pneumothorax 
in order to prevent its increase. It is prudent to make an ex- 
ploratory puncture for a microscopical and ailtural examina- 
tion, so as to be ready to evacuate and irrigate the pleural cavity 
if it is shown to be infected. Certainly healing is always more 
complete and quicker if evacuation and irrigation is performed, 
even with small quantities of blood, since adhesions are less 
liable to form; and, above all, pleuritis is obviated, but in prac- 
tice it is permissible to avoid the trauma of thoracentesis if the 
quantity of blood is small. If pleuritis should develop inter- 
vention should be immediate. 

5. Closed Wounds of Chest Wall Accompanied by Abundant 
Hemothorax. 

In such cases it is well to perform thoracentesis immediately, 
replacing the blood with air, and irrigating. The pressure of 
the induced pneumothorax should be measured immediately in 
the cases of severe hemorrhage; if the hemorrhage has not been 
severe it is well to wait an hour or two after the thoracentesis. 
It is well to wait a short time after the thoracentesis before re- 
inforcing the pneumothorax in those cases in which this is 
necessary, in order to give time for the opening in the thoracic 
wall made by the large trocar to close, and thus obviate the 
formation of a subcutaneous emphysema at this site; further- 
more, if the air introduced through the trocar was at room 
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temperature, it will give time for this to have reached its full 
expansion. The blood obtained by exploratory puncture should 
in every case be subjected to cultural examination. 

6. Closed IVoimds of Chest Wall Accompanied by Tense 
Pneumothorax and Abundant Hemothorax. 

The tense pneumothorax demonstrates that high pressure is 
necessary to prevent hemorrhage, therefore one performs thora- 
centesis, as above, but with greater pressure of air. Upon aus- 
cultation, if notwithstanding the hypertension, pulmonary respi- 
ration is audible it is an indication that the pneumothorax is 
insufficient, and that the lung dilates even with the sliglit ex- 
pansion of the thorax permitted. In such a case the replacement 
of the blood with an ample amount of air will often suffice 
to immobilize the lung without attaining very high pressure. 
If, on the other hand, the hemothorax is voluminous and tense 
and is accompanied by respiratory silence, it is a sign that a 
really high pressure of air is necessary to prevent hemorrhage. 
The renewals of air should be frequent and maintained for 
at least two weeks in such a case. 



OPEN WOUNDS OP CHEST WALL 

I. Recent Wounds with Sufficient Tissue to Permit of Closure 
but not yet Sealed. 

After having disinfected the surface of the wound one should 
introduce a gloved finger, or better a closed clamp, which is 
opened in the wound, allowing the atmospheric air to enter 
freely and the blood to flow out. The patient should be in a 
suitable posture to permit of this. The air should never be 
allowed to enter tumultuously ; one need never fear traumatopnea 
if one can control the aperture of the wound. If the wounded 
man is not very dyspneic and the wound is situated at the base 
of the thorax, one may employ irrigation of the pleural cavity 
with chlorosol. The most important point is to allow the en- 
trance of air into the pleural cavity, and the evacuation of 
blood; lavage should only be done if the patient is not very 
dyspneic, in the latter case it is better to wait and perform 
thoracentesis in the usual way after several hours. If there is 
complete pneumothorax and but slight hemorrhage, it will be 
unnecessary to insert the pneumatic bag in the wound; it will 
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suffice to apply a dressing and bandage, or, better still, to place 
r the gauze dressing a large rubber bag half full of air and 
fasten it in place with strips of adhesive, and bandage. The 
rubber bag has the great advantage of maintaining constant 
pressure on the wound during the respiratory movements. For 
the same reason I prefer to fasten dressings in wounds of the 
chest by means of strips of adhesive plaster rather than by 
bandages, or swathes, as the former follow the respiratory 
movements without being displaced or detached, which is not 
the case with the latter, which are alternately either too tight 
or too loose. If it is possible to obtain closure of the wound 
by external pressure it is preferable to do so, as healing is mor« 
rapid ; the disadvantage of inserting a rubber bag in the wound 
being that it keeps open a wound which may have a tendency 
to close. But if there is active hemorrhage, or if subcutaneous 
emphysema becomes generalized, in short, if it becomes neces- 
sary to increase the tension of the pneumothorax, a rubber bag 
of adequate size should be inserted in the wound, and then the 
tension of the pneumothorax increased. After several hour^, 
or the day after, if the pneumothorax was complete (ausculta- 
tion will show whether the lung functionates or is silent), a re- 
inforcement of air sufficient to obtain slight positive pressure 
on the lung is indicated; if this tends to increase the subcutane- 
ous emphysema, one should maintain merely atmospheric pres- 
sure, that is, simple collapse of the lung. In such a case the 
blood should be evacuated in order to give the largest possible 
air space. 

2. Open Wounds ivhkh cannot be Closed on Account of Loss 
of Substance. 

There is complete pneumothorax in these cases. By appro- 
priate posture one should favor the evacuation of hemo- 
thorax, and then insert the rubber bag in the wound. If before 
inflating the bag one gets the patient to take a deep breath, an 
endopleural pressure will be obtained sufficient for collapse of 
the lung; if one does not accomplish this the pressure is in- 
creased by means of the usual procedure. It is unnecessary to 
say that if the wound is situated at the base of the thorax it 
is well to perform lavage of the pleura. One should leave the 
bag in place for several days, sometimes it is extruded spon- 
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taneously like a sequestrum, the tissues filling in behind it; at 
times it must be drawn out slowly a little each day. If there 
is not active hemorrhage such as to require an immediate pneu- 
mothorax of hypertension, and if there is no tendency to medi- 
astinal or subcutaneous emphysema, it may often be unnecessary 
to place the bag so deep in the wound as to maintain the wound 
of the parietal pleura dilated, it may be preferable to maintain 
pressure only on the extra-pleural chest wall, and so permit of 
earlier closure of the pleura. In doubtful cases it is better to 
place the bag deeply in order to secure fixation. 

Generally, if the wound is not very large, not over 2 cm. in 
diameter, one may expect expulsion of the bag with spontaneous 
closure of the pleural perforation without empyema; if the open- 
ing is larger, it is difficult to avoid infection of the pleura; and 
in such a case I believe it is preferable to treat the patient at 
the outset by means of the bag with attached drainage tube, 
according to the method described for the treatment of empyema. 
If the wound is located high, in a situation unsuitable for drain- 
age, unless there is danger of severe hemorrhage requiring her- 
metical closure with the bag. I advise closure of the wound by 
suture and the performance of thoracotomy at a more suitable 
site at a second sitting. 

After closure with the rubber bag the usual reinforcements 
of air are required, and thoracentesis, as may be indicated. The 
fixation of the bag is secured by the method described on 
page 107. 

What has been said in regard to the use of the rubber bag 
applies especially in Ambulances and Field Hospitals, Its em- 
ployment is of great value here, but its greatest benefits would 
be obtained if applied immediately at the Aid Posts or Dressing 
Stations. Its use would prevent traumatopnea often, as well 
as many grave hemorrhages and infections. Hemorrhage hav- 
ing been controlled by this means at the Dressing Stations, it 
will permit of the direct closure of the parietal or pulmonary 
wound by the surgeons at the Field Hospitals. 

Tlie medical officers at the front should be impressed with 
the fact that the entrance of air into the wound is not to be 
feared or prevented, but should be facilitated. In several cases 
in which the wound was not sealed over I have accomplished 
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this with the happiest results; in many cases it might be per- 
formed at the Dressing Stations immediately after the wound 
is received. Naturally one should not permit the tumultuous 
inrush of air into the pleural cavity, and rigorous surgical tech- 
nic should be observed to prevent carrying in infection. It 
is my absolute conviction, however, that there is much greater 
danger of empyema from hemorrhage or pneumothorax of 
pulmonary origin, than from the entrance of external air. 



CHAPTER V 

CASE REPORTS 

CO much having been asserted, the reports of the cases upon 
^ which these assertions are based, should be recorded. 

In 1917 I published in the Rifomia Medica a report of 40 
cases of chest wounds treated by the method which I have de- 
scribed, with 40 recoveries; this report, however, included only 
cases of dosed hemothorax. It represented the result of an 
early study made at Field Hospitals 91 and 76. The cases were 
described by the medical officers assigned by military authority 
to those hospitals. A detailed report was made with care and 
competence by Captain Longo (PolicHnico, 1917). I have also 
treated numerous cases as army consultant, and the results have 
really been most fortunate, I hope I may refer in regard to 
these cases to the respective directors of the various hospitals. I 
now intend to report in detail no cases resultmg from the 
actions from August to October. 1917, which I have treated at 
Field Hospital 79. I am able to speak with scientific precision in 
regard to these cases. The hospital which I now direct is de- 
voted exclusively to wounds of the chest, and receives all the 
chest cases of the i ith Army Corps, and therefore any selection 
of cases is impossible. Furthermore, as the hospital occupies an 
advanced position, the worst cases are able to reach it. To fa- 
cilitate my studies, and allow of correct conclusions, the military 
authorities have granted me the privilege of keeping the wounded 
under treatment until complete cure in nearly all cases. A com- 
plete study of the course and result of treatment was rendered 
possible through the kindness of Professor Bastianetli. who 
placed at my disposal the resources of the Third Surgical Am- 
bulance directed by him. The radiological and radiographic 
examinations were made by Captain Cardinali, the expert radi- 
olf^st of the Ambulance. The autopsies were performed almost 
exclusively by Professor Dionisi, Professor of Pathological 
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Anatomy in the Royal University of Palermo. To these chiefs, 
and to my colleagues, who aided and supported me in these 
studies, and were willing to endorse the results with their au- 
thority, I offer my sincere thanks. 

As the publishing of the detailed histories of 110 cases with 
radiographic reports seems excessive, I will report a group of 
cases only, representing each type of wound. I showed all the 
radiographs, about 70 in number, and reported the complete 
statistics at the meeting of the Medico-Chirurgical Society of 
Pavia on the sth of June, 1918. The other cases not reported, 
concerning some of which I have only condensed data are in- 
cluded in the summary of statistical results. 

Case I. — A. C. — Right-sided hemo-pneumothorax, shrapnel 
wound with retained missile. 

Wounded 31-8-17 at 10 p.m., admitted at 5 a.m. the next 
day. Presented a shrapnel wound with point of entrance in the 
fossa of Mohrenheim, no wound of exit. Extensive subcutaneous 
emphysema of right thorax and neck. Markedly dyspneic. No 
hemoptysis. Radioscopic examination showed : right-sided hemo- 
pneumothorax. shrapnel ball at the base of right chest localized 
in the posterior parietal wall. 

At 12 o'clock 700 c.c. of blood were evacuated with the sub- 
stitution of an equal quantity of air, and lavage of the pleural 
cavity with chlorosol. After half an hour another 500 c.c. of 
air was introduced, raising the pressure to -j- 6 cm. of water. 

1-9-17. — 600 c.c, of air were introduced, giving a pressure 
oscillating between —8 and +6 cm. of water. 

4-9-17. — As the lung was functionating, 500 c.c. more of 
air were introduced, raising the pressure between — 6 and -[- 12 
to —2 and +6 cm. of water. 

8-9-17. — Introduction of 600 c.c. of air, changing the pres- 
sure from ~6 and o, to — 2 and -1-6. 

24-10-17. — Transferred. Clinical examination demonstrated 
perfect resumption of respiratory function; pulmonary margins 
mobile. Radiographic examination showed; both lungs of nor- 
mal translucency ; on the right the cardio-diaphragmatic sinus 
was occupied posteriorly. Shrapnel ball in the posterior parietal 
wall at the level of the loth rib in the internal scapular line. 
The radiograph is represented in Plate i- 

Case 2, — B. G. — Right-sided hemo-pneumothorax, shell 
wound. 

Wounded 21-8-17 at 6 p.m., admitted the 22d at 6 a.m. Pre- 
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sented a shell wound on the internal aspect of the fossa of 
Mohrenheim, with exit on the paravertebral line at the level of 
the 6th dorsal vertebra. Another wound of the soft parts of 
the forearm. Patient was markedly anemic. Pulse 120. No 
hemoptysis, A thoracentesis was performed with evacuation 
of 1500 c.c. of blood, with replacement by air and lavage of 
the cavity with 600 c.c. of chlorosol. At 5 p.m. as the lung of 
the affected side was functioning, 500 c.c. of air were introduced, 
raising the pressure from —6 to +10. 

25-S-17. — Reinforcement with 300 c.c. of air bringing the 
pressure to +6. 

28-8-17. — The patient had slight hemoptysis. 400 cc. of air 
were introduced bringing the pressure from — 4 and + 4, to + I 
and + 12. 

The patient showed no fever, maximal temperature 37.3. 

9-9-17. — Radioscopy demonstrated total right-sided pneu- 
mothorax and slight effusion at the base. 

20-10-17- — Clinical examination demonstrated normal pul- 
monary function. Radioscopic report: both lungs of normal 
Iranslucency. In the region of the 7th, 8th and gth ribs on the 
right side, between the external scapular and paravertebral lines, 
striations were obser\-ed which were interpreted as pleural ad- 
hesions. At the level of the 9th rib in the right paravertebral 
line there was a small bony fragment. Diaphi^agm mobile. 
Complementary spaces free. The radiograph is represented in 
Plate 2. 



Case 3, — G. A. — Right-sided hemo-pneiimothorax, shell 
wound with retained missile. 

Wounded 3t-8-i7 at 10 a.m., admitted at 12. Markedly 
dyspneic. Hemoptysis present. Presented a shell wound in the 
6th intercostal space in the posterior axillary line on the right. 
The projectile could be palpated 2 cm. internal and above the 
right nipple. There was slight subcutaneous emphysema and 
hemo-pneumothorax. 800 c.c. of blood were evacuated by 
thoracentesis and a chlorosol irrigation was made. The patient 
already markedly dyspneic complained of pain and was restless, 
so the lavage was not completed. 

I -9- 1 7. — Temperature reached 38.3. 400 cc. of air were 
introduced with a pressure of — i and + 12. 

2-9-17. — Temperature 38, afterwards apyretic. 

4-9-17. — The lung functionated considerably and hemoptysis 
noted. 600 c.c. of air were introduced changing the pres- 
sure from — 6 and -f 2 to o and -f- 8. 

Radioscopic examination : Right hemo-pneumothorax, moder- 
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ate compression. Pneumothorax was cortiplete, the exudate 
reached the 6th rib in the mid-clavicular line. 

The subcutaneous emphysema did not permit of plessimetrical 
data. 

7-9-17. — Thoracentesis repeated with evacuation of 700 c.c. 
of bloody fluid, and lavage. 

8--9-17. — 400 c.c. of air introduced raising the pressure from 
-6 to +6. 

24-10-17. — Radioscopic examination: both lungs of nonnal 
translucency. Diaphragm mobile. Small shell fragment in the 
parenchyma of the lung at the right base, shadows of the lung 
roots quite evident. Fracture of inferior margin of the 7th rib 
in the posterior axillary line. (Plate 3.) 

Case 4. — C, G. — Right-sided hemo-pneuniothorax. shrapnel 
' wound. 

Wounded 1 7-8-1 7, admitted at 8 p.m. Presented a penetrating 
wound at the right delto-pectoral sulcus. Subcutaneous emphy- 
sema and hemoptysis were present. 

The patient was treated by another medical officer who did not 
think best to intervene, 

23-8-1 7. — Marked hemothorax and slight pneumothorax. No 
fever. As the patient was in excellent condition the treatment 
was expectant. 

4-10-17. — Radioscopic examination showed: Right pleural 
effusion, thickening above; shrapnel ball in the lumbar muscle 
mass situated at a depth of 4 cm. and 2 cm. from the spinous 
processes. Temperature gradually rising to 38.4, Increase of 
pleural effusion and reappearance of hemoptysis. Therefore, on 
October 8th. thoracentesis was performed with withdrawal of 
2400 c.c. of bloody fluid, followed by lavage with chlorosol. 

The patient became apyretic, general condition good, the lung 
resumed respiration, but the thoracentesis having been performed 
almost three weeks after the receipt of the wound, restoration 
to complete integrity was not obtained. Radioscopic examina- 
tion demonstrated slight mobility of the diaphragm on the left, 
displaced upward, and paradoxical. Diminution in transparency 
of both lungs, the right especially at the base. Complementary 
space on the right occupied. Pleural adhesions at the level of 
8th, 9th and loth ribs on the right. (Plate 4.) 



Case $. — B. G. — Rjght-sided hemothorax, shrapnel wound 
with missile retained. 

Wounded 24-8-17 at 2 a.m., admitted at 6 a.m. Presented a 
wound of entrance at the lower border of the deltoid muscle in 
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the posterior axillary line. Marked dyspnea. Thoracentesis 
with withdrawal of Sooc.c of blood and lavage with chlorosol. 

25-8-17. — A reinforcement of 400 c.c. of air changing the 
pressure for — 8 and + 6 to — 4 and + 14. On the 7th day 
radioscopic examination showed complete pneumothorax and 
slight effusion. 200 c.c. of senim, slightly bloody, were evacu- 
ated. 

The maximal temperature was 38.6 on the 31st. afterwards 
the patient was apyretic until September 29th, when he had a 
severe tonsillitis with temperature of 38.5. 

On the 26th of October radioscopic examination: showed 
pulmonary area on the right, opaque at the base, diminished 
translucency at the apex. Also diminution of translucency of 
the base of left lung. The diaphragm on the right side was re- 
tracted and its excursion reduced. Clinically respiration was 
nonnal, with only diminished pulmonary mobility on the right. 
No deformity of thorax. 



Cases. — T. L. — Right-sided hemothorax, shrapnel wound. 
Wound of the liver. Multiple wounds of soft parts of left leg. 

Wounded 19-8-17 at 8 p.m., admitted on the 20th at 4 p.m. 
Presented a wound with point of entrance in the right parasternal 
line at the 4th interspace, the ball was palpable near the anterior- 
superior spine of the ilium from which place it was extracted. 
The liver was therefore certainly wounded. Pulse 120. The 
lung appeared normal ; on account of the hepatic lesion it was con- 
sidered I>e.st not to compress the lung. On the 22d marked dull- 
ness at the right base was noted. Exploratory puncture at the 
7th interspace was negative, another in the 6th space evacuated 
fluid. A sure sign that coagiila existed. With difficulty at first 
on account of the clots, a liter of blood was evacuated, the cavity 
was irrigated with chlorosol. On the 26th a reinforcement of 
ajir was made, bringing the pressure to o and -|- 6. The condition 
of the patient was most grave until October loth, the tempera- 
ture ranged between 38 and 38.5, reaching as a maximum 40.4. 
There was evidence of pleurisy, and pain in the region of the 
liver, the latter showed evidences of enlargement. 

The radiological examination on October 26th showed on the 
right two pleural adhesions, one at the level of the 7th rib and 
one at the 8th and 9th. Above, toward the median line, there was 
a non-mobile opacity. The diaphragm on the right was drawn 
up. The costo-diaphragmatic sinus on the right was occupied. 
Qinically, no thoracic retraction was observable, slight diminu- 
tion of respiration anteriorly, the lung was immobile in front and 
mobile posteriorly. The liver was elevated but nevertheless pro- 



CASE REPORTS 



143 



' truded two fingers' breadth below the costal margin, showing 
marked enlargement. Considering the very grave lesions the 
result was extremely satisfactory, especially as the delay in thora- 
centesis allowed of the foimation of clots, and pleural adhesions. 

Case 7. — Lieut. L, C. — Left-sided herao-pneumothorax. 

Wounded the 20th at 5 a.m.. admitted at 5 p.m. The nature 
of the projectile causing the wound could not be determined. 

Presenteti a wound of entrance in the posterior axillary line 
on the left at the sth interspace, a wound of exit in the paraster- 
nal line at the 2d interspace. Thoracentesis was performed with 
the evacuation of 500 c.c. of blood, some difficulty from dots. 
Thorough lavage with chlorosol. 

On the 2ist 700 c.c, of air were introduced, bringing the pres- 
_ sure from — 12 to —4 and +8, 
I The temperature on the 21st was 38.2, after that normal. 

On September 5th radioscopy showed: left hemo-pneiuno- 
thorax; the superior limit of the fluid reached the 6th rib in the 
mammary line. The translucency of the lung was diminished 
externally in the region of the scapula. Another thoracentesis 
was performed and 250 c.c. of serous fluid with the character 
of an exudate were evacuated. The patient was convalescing 
well. 

On September 20th the radioscopic examination showed: Pul- 
monary area of normal transparency, shadows of the hila con- 
spicuous with points of calcification. The movements of the 
diaphragm were normal on both sides. (Plate 5.) 



I Cases. — L. I, — Right-sided hemo-pneumothorax, hand- 
grenade wound. 

Wounded 19-8-17 at 3 p.m., admitted at 8 p.m. Presented a 
wound in the region of the 8th rib in the mid-scapular line on the 
right. Pneumothorax was present. Marked dyspnea. Pulse 130, 
400 c.c. of blood were withdrawn and the cavity irrigated. 

Temperature 37.2. On the 21st the pneumothorax was re- 
inforced with 600 c.c. of air, bringing the pressure from — 4 to 
-!-6. Temperature }i7-T- On the 24th, pain in tlie lumbar region 
with temperature of 38. On the 25th the temperature was 39.6 
and there were diffuse rales at the base on the right, with symp- 
toms of broncho-pneumonia. 500 c.c. of air'were introduced, 
bringing the pressure to +6. On the 30th there were pleural 
friction sounds audible in the anterior axillary region. 

On the Sth of September the patient complained of severe 
pain, probably from stretching of adhesions. An introduction 
of 300 c.c of air caused them to disappear. 
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The radiographic report on the 20th of October showed: Pul- 
monary area of normal transparency on both sides. Diaphragm 
drawn up on the right side. Reduced excursion of the diaphragm, 
especially corresponding with the costo-diaphragmatic sinuses. 
Complementary spaces occupied. Pleuro-diaphragmatic adhe- 
sions, fracture of the 7th and Sth ribs, with bony callous and 
retention of the shell fragment in the 7th intercostal space in 
the internal scapular line on the right (Plate 6). 



Case 9. — G. V. — Left hemothorax, penetrating shell wound. 

Wounded 2-8-17 ^^ 9 am., admitted at 5 p.m. Presented a 
wound of entrance in the second interspace in the mid-clavicitlar 
line on the left. The patient was markedly anemic and dyspneic, 
pulse 120. No hemoptysis. Thoracentesis with withdrawal of 
600 c.c. of blood, after which it was considered prudent to stop 
on account of the restlessness of the patient. On account of the 
severe hemorrhage 900 c.c. of air were introduced. On the 22d 
marked dullness, non-motile, was noted at the base of the thorax; 
the non-evacuated blood had certainly clotted. 600 c.c. of air were 
introduced with difficulty, raising the pressure to +2. 

On the 23d the sputum was bloody. The temperature never 
rose above 37.5. 

On the 29th the radioscopic examination demonstrated left 
hemothorax, shrapnel ball located in the abdomen, two fingers' 
breadth above the umbilicus at a depth of 3.5 cm. 

On the 30th, there having been a rise in temperature, the 
hemothorax was evacuated, 1200 c.c. of sanguineous fluid being 
removed. The temperature was reaching 38.5 every day. Bac- 
teriological examination excluded empyema; epigastric pain and 
enlargement of the liver suggested that ihe fever was due to the 
lesion of the latter. On the nth of September improvement 
began and continued thereafter. The respiratory function was 
well established. Radioscopic examination demonstrated marked 
diminution of transparency at the base of the left lung. Slight 
pneumothorax at the left base with compression of the hileum. 
The diaphragm on the left was drawn up a little and its mobility 
diminished. Costo-diaphragmatic sinus occupied. It is to be 
noted that complete evacuation of the hemothorax was not pos- 
sible until nine days after the wound was received. 

Case 10. — C. A. — Right-sided hemo-pneumothorax, shrapnel 
wound. 

Wounded 19-8-17 at 6 a.m., admitted at 12 noon. Presented 
a penetrating wound in the 2d interspace in the right parasternal 
line. There was bloody sputum and severe dyspnea. 1300 c.c 
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' of blood were evacuated and the cavity irrigated with chlorosol. 
General condition good. Temperature 391. Pulse iro. 

On the 20th a reinforcement of 600 ex. of air was made and 
the pressure was increased from — 6 to o and +8. The tem- 
perature was 37.4. 

On the 22d the sound of a fistula could be heard at the base of 
the lung; to dose this a liter of air was introduced, raising the 
pressure to +4 and + 12. The sound of the fistula disappeared. 
On the 2Sth 400 c.c. of air were introduced raising the pressure 
from o to above 10. 

On the 2d of September there was an escape of fluid from the 
wound during a coughing fit. The wound was packed. The 
wound closed and the patient improved rapidly. 

16-9-17 radioscopic examination showed diaphragm on the 

right a little less mobile than on the left. Both bases of lungs 

showed diminished transparency. Fracture of the 6th rib in the 

right scapular line ; shrapnel ball in the posterior parietes. one 

-finger's breadth above the angle of the scapula. (Plate 7.) 

Case II. — F. F. — Right hemo-pneumothorax, penetrating 
shrapnel wound. 

Wounded 21-8-17 at 4 P.M., admitted at 9 a.m. on the 22d. 
Presented a wound of entrance in the 7th interspace in the pos- 
terior axillary line on the right, Subcutaneous emphysema and 
hemo-pneumothorax were present. Exploratory pimcture dem- 
onstrated blood, thoracentesis unsuccessful although there was 
marked dullness at the base. Twenty hours having elapsed since 
the receipt of the wound, large clots had evidently formed. 
700 c.c. of air were introduced, bringing the pressure to —2 
and 4-6- As the area of dullness increased during the night 
f 300 c.c. more of air were introduced, raising the pressure from 
I +6 to +18. The hemorrhage was controlled. 

On the 26th thoracentesis was repealed but only 50 c.c. of 
blood were evacuated. The temperature ranged between 37.5 
and 38.5. On the 4th of October thoracentesis was again 
repeated in the axillary region, evacuating 500 c.c. of sero-san- 
guineous fluid. The patient was improving but the fever con- 
tinued. On the 13th 500 c.c. of sero-sanguineous fluid were 
evacuated by thoracentesis. Irrigation with chlorosol was per- 
formed. On the 22d slight hemoptysis occurred which lasted 
until the 25th. Improvement then began. By the 28th he was 
apyretic. 

On the 26th of October radioscopic examination showed 
diminished transparency to\vard the right apex, the right base 
opaque. Diaphragm very slightly mobile on the right. Shrapnel 
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ball at the level of the 12th rib on the right in the external 
scapular line. 

Resume : TTiere was a rapid formation of clots with develop- 
ment of adhesive pleuritis, accounting; for the duration of fever 
and the radioscopic findings. There was no thoracic deforma- 
tion, however, if one excepts a slight depression in the sub- 
clavicular region. Diminution of respiration to be noted in the 
anterior region on the right. 

Case 12. — C. D. ^ — Right hemothorax, shrapnel wound. 

Wounded 19-8-17 in the morning, admitted at 9 p.m. The 
shrapnel ball entered in the internal scapular line on the right at 
the level of the 6th rib; it was palpable in the second interspace 
in the mid-clavicular line, There was some dyspnea. Pulse 120. 
800 c.c. of blood withdrawn by thoracentesis, irrigation with 
chlorosol. 

On the 20th while removing the ball, a splinter 6i rib the size 
of the missile was removed. 450 c.c. of air were introduced, 
bringing the pressure of the pneumothorax from — 4 to o 
and -|- 10. 

On the 22d 700 c.c. of air were introduced, raising the pres- 
sure from — 10 to +12. 

The temperature, which did not exceed 38.2, by the 25th 
became normal. 

On the 26th 500 C.C. of air were introduced, raising the pres- 
sure to — 5 and 4- 6. 

On the 20th of October the radioscopic examination demon- 
strated both pulmonary areas of normal transparency. The 
diaphragm on the right slightly less mobile than on the left. 
Costo-diaphragmatic sinus on the right partly occupied. Fracture 
with bony callous of the 6th rib in the internal scapular line. 

The pulmonary function was excellent. 

Case 13. — M, P. — Left hemo-pneumothorax. Perforating 
bomb wound. Subcutaneous emphysema. 

Wounded 19-8-17 at 5 p.m., admitted on the 20th at 2 a.m. 
The wound of entrance was in the lOth space in the left mid- 
scapular line, the wound of exit in the mid-axillary line in the 
7th space. There was marked subcutaneous emphysema. Slight 
hemo-pneumothorax. Dyspnea marked. Pulse 120. 

On account of the serious condition of the patient and the 
small amount of hemothorax, thoracentesis was not performed, 
600 C.C. of air were introduced which relieved the patient. 

On the 22d reintroduction of 500 c.c. of air, bringing the 
pressure from — 8 to — 2 and -(- 4. Temperature did not ex- 
ceed 37.9; after the 23d it was normal. 
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A marked effusion having developed, thoracentesis was per- 
fonned on September 6th, and 1200 c.c. of sero-sangiiineous fluid 
evacuated without difficulty. Healing was perfect. Radioscopic 
examination : Pulmonary areas of normal transparency at bases 
on both sides, diminished transparency at both apices. Dia- 
phragm mobile. Pleuro-diaphragmatic adhesions on the right. 
Costo-diaphragniatic sinus was free. (Plate 8.) 

Case 14. — M. G. — Right hemo-pneumotliorax, shrapnel 
wound. Wound of the liver. 

Wounded 21-8-17 at I P.M., admitted on the 22d at 6 a.m. 
The shrapnel ball entered in the 4th space in the mid-scapular 
line, and was removed from under the skin midway between the 
ensiform and the umbilicus. There were no pulmonary symp- 
toms, except perhaps slight diminution of respiration due to very 
slight pneumothorax. There was anteriorly a lesion of the liver. 
There was vomiting but without blood. No hemoptysis. Pulse 
120. Temperature 38.5 on the 22d, 37.7 the 23d, and then 
normal. 

On the 24th a slight hemothorax was noted, on the 25th 
hemoptysis appeared which continued until the 30th. On account 
of the liver lesion and the slight pulmonary signs it was thought 
best not to intervene, but on the 30th the temperature began to 
rise, reaching 39.6. Thinking this might be due to increase of 
the hemothorax and reactive pleuritis. thoracentesis was per- 
formed evacuating 1200 c.c. of sero-sanguineous fluid, which was 
replaced with an equal amount of air, and the cavity irrigated 
with chlorosol. There was rapid improvement. 

Radiographic examination 17-9-17 showed slight right pneu- 
mothorax witli a small swallow's nest shadow in the right axil- 
lary region, a finger's breadth above the nipple. This shadow 
moved with that of the heart. The diaphragm was only slightly 
mobile on the right in its mid portion. The lateral portion was 
merged in the opacity of the base of the lung. 

Radiographic examination in October showed diaphragm on 
the right a little retracted. The costo-diaphragmatic sinus was 
not completely clear. Excursion normal. 

Case 15. — M. F. — Right hemo-pneumothorax, machine gun 
wound. 

Wounded 19-8-17 at 10 a.m., admitted at i p.m. The bullet 
penetrated the second intercostal space in the mid-clavicular line. 
As there were no pulmonary symptoms or signs, intervention 
was omitted. 

20-8-17. — Dyspnea was noted today. Hemo-pneumothorax 
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Caw 16. — M. G. — Right hemo-pneumothorax, shrapod 
wound. Wound of spinal OHtL 

Wounded 23-8-17 at 11 p.m., admitted at 6 a.m. the 24th. 
Wound of entrance in the 9th ^>ace in the mid-scapular line. 
The projectile had wounded the lung and the vertebral column; 
there was complete paralysis of the left leg and paresis of the 
right. 

General condition fair. 600 cc, of Uood evacuated from 
pleural cavity, the pressure of pneumothorax raised to + 2. No 
fever. Some improvement in the paralysis, also in bed sores. 

On Octolicr 24th radiographic examination showed : Both 
pulmonary areas normally transparent Normal mobility of 
diaphra^fm. Costo-diaphragmatic sinuses clear. Shrapnel ball 
at the level of the 1st lumbar vertebra on the right. Lesion of 
the I ilh dorsal vertebra. (Plate 10.) 

Caac 17. — M. C. — Left hemo-pneumothora.x, shell wound. 

Wounded 19-8-17 at 5 a.m., admitted at 1 1 a.m. Wound of 
entrance at the external border of the latissimus dorsi at the level 
of the gih rib. wound of exit in the delto-pectoral sulcus. 
Hemoptysis and severe dyspnea. Pulse no. 1200 c.a of blood 
evacuated by (horacentcsi.'! ; lavage. On the 20th the temperature 
was 39,6, on tlic 21st 37.3. Apyrexia continued except on the 
26th and 27th when the temperature reached 38.9 on account of 
a phlegmon which developed under the pectoral muscle. On the 
22d 700 cc of air were introduced, creating a pressure of — 2 
and + 2. 
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Radioscopic examination on September 17th repeated on 
I October 23d. Pulmonary areas of normal transparency on both 
J sides. Diaphragm normally mobile. Costo-diaphragmatic sinuses 
I dear. Shell fragment in the muscles of the back. ( Plate 11.) 

Case 18. — R. S. — Right hemothorax, perforating rifle wound. 

Wounded 19-8-17 at 6 a.m., admitted at 6 p.m. The wound 
of entrance was at the 4th rib in the right parasternal line, the 
wound of exit in the mid*axillary line, 5th rib. There was also 
a wound of the soft parts of the left arm. The patient had had 
hemoptysis. No evidence of pleural effusion. There were pleural 
friction sounds at the base. On account of the good condition 
of the patient it was not thought necessary to intervene. 

On the 22d the friction sounds at the base could still be heard, 

general condition good, temperature normal. On the 24th there 

were diminished voice sounds at the base of the right lung. 

500 c.c. of blood were evacuated, with the introduction of 700 c.c. 

^ of air. 

On the 25th, 400 c.c. of air were introduced, creating a pres- 
P sure of — 4 and + 4. 

On the 9th of September radioscopic examination showed: 

y Slight diminution of transparency in the right pulmonary region ; 

^ there was still a slight pneumothorax to be noted in the basal 

and apical regions. On the i6th of October the report was: 

Pulmonary areas of normal transparency. Mobility of the 

diaphragm was normal. (Plate 12.) 

Case 19. — S. P. — Right hemo-pneumothorax. shrapnel wound. 

Wounded 22-8-17 3-t 4 a.m.. admitted at 11 a.m. Presented 
a gutter wound of the right arm. The ball entered the thorax 
in the anterior axillary line. There were marked subcutaneous 
emphysema, slight hemothorax, and moderate pneumothorax. 
There was dyspnea. Pulse 1 00. 

600 c.c. of air were introduced, raising the pressure from 
J -^ 8 to — 2 and + 6. Temperature 38.3 on the 24th. ^y.y on the 
25th, normal on the 26th. 400 c.c. of air introduced, bringing the 
pressure from o to + 14. On the 29th and 30th the temperature 
was 37.5. 800 c.c. of sero-sanguineous fluid were evacuated. On 
September igth radioscopic examination showed: Right pneumo- 
thorax with compression. Shrapnel ball in the subdiaphragmatic 
parietes. at the level of the 9th rib in the right axillary line, at a 
depth of 2j4 cm. On the 20th of September: Slight diminution 
of transparency of both pulmonary areas. Diaphragmatic ex- 
cursion slightly limited on the left as well as on the right. The 
costo-diaphragmatic sinus was not completely free. Pulmonary 
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function excellent. The bilateral limitation of mobility of the 
diaphragm was certainly due to the perforation of the diaphragm. 
Considering that thoracentesis was performed late in this case, 
there was but slight occlusion of the costo-diaphragmatic sinus. 

Case 20. — T. D. — Left hemo-pneumothorax. shrapnel wound 
with retained projectile. 

Wounded 2S-&-17 at ro p.m., admitted at 9.50 a.m.. on the 
26th. Respiration i^nful, shallow, irregular and jerky, pulse 72, 
Presented a wound of entrance in the 6th intercostal space in the 
mid-axiliary line on the left. There was dullness at the base. 

On the 26th the temperature was 37.5: afterwards normal. 

On the 28th 400 ex. of blood evacuated with some difficulty. 
Pleura irrigated. 

On October 20th radioscopic examination sliowed : Pulmonary 
areas of normal transparency on both sides. Shrapnel ball in the 
anterior chest wall at the level of the 8th rib in the anterior 
axillary line on the left. Diaphragm mobile. (Plate 13.) 

In this case although thoracentesis was performed late there 
was complete restitution to normal. 

Case ai. — Lieut. B, M. — Left hemo-pneumothorax. shrapnel 
wound. 

Wounded 12— 10-17 in the back by two shrapnel balls. No 
hemoptysis. Was able to walk to the dressing station. Admitted 
to hospital 031 on the 13th. Dyspnea only on exertion. Pain in 
the left hypochondrium on deep inspiration. Hemoptysis present. 
Pulse 96. Respiration 52. Temperature 37.4. Presented two 
wounds, one in the right scapular region at the level of the spine 
of the scapula, tlie other in the left paravertebral line at the level 
of the 6th dorsal vertebra. Emphysema of the left hemithorax, 
there were also signs of left hemothorax. 

Patient was transferred to this hospital on the 15th. Radio- 
scopic examination showed: Oijacily at the base of ^e left chest 
reaching to the 4th interspace. The opacity was oblique from 
without inward and from behind forward. Diaphragm slightly 
mobile. Pleural elTusion. 

Temperature 38.8. 

On the i6ih, 600 c.c. of blood evacuated with difficulty on ac- 
count of clots. 700 C.C- of air introduced and irrigation per- 
formed. In the evening the pressure was raised to — 2 and -|- 10 
by the introduction of 600 c.c. of air. 

The temperature reached 38, i , then fell to normal. 

On the 20th another introduction of 600 c.c. of air was made, 
raising the pressure to — 4 and -|-6. Compression was not in- 
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icreased, there being but slight hemoptysis, on account of the 
■ doubt as to there being a wound of the other lung. 

On the 23d the condition of the patient was much improved. 

He had to be evacuated though not completely cured. 

Case 33, — F. A. — Right hemo-pneumothorax, shell wound. 
Wounded 19-8-17 at 4 p.m., admitted at 11 p.m. Presented 
* a wound at the nth rib in the mid-scapular line on the right. 
800 c.c. of blood evacuated with the substitution of iioo c.c 
of air; chlorosol irrigation. 

On the 20th the patient was dyspneic; as the lung was function- 
ating, 800 C.C. more of air were introduced, raising the pressure 
from — 4 to +8. Temperature ranged about 38. 

On the 26th 500 c.c. of air introduced, raising the pressure 
Lto -f lO- No fever. Genera] condition good. 
I On the 22d of October the condition of the respiratory appar- 
atus was practically normal. The patient had to be evacuated 
before complete recovery, on account of the development of 
bacillary dysentery. 

Case 33. — B. G. — Left hemo-pneumothorax, perforating rifle 
wound of chest. Wound of right arm. 

Wounded 3-8-17 at 6 p.m., admitted at 10 p.m. Presented 
a wound of entrance in the left deltoid region and the bullet 
could be palpated over the 8th rib in the paravertebral line. 
There was a massive subdeltoid hematoma and subcutaneous 
emphysema. 

The patient was dyspneic. No hemoptysis. Pulse 104. 

As respiration was diminished, with slight diminution of voice 
sounds at the base, with evidences of a small pneumothorax, 
we did not intervene. While at first there was no increase of 
hypophonesis, on the 30th there was decided increase and the 
patient complained of pain. 300 c.c. of bloody fluid were with- 
drawn with the substitution of air. 

The temperature reached its maximum of 38.5 on the 6th. 

The radioscopic and radiographic examination of October 
showed: Mobility of the diaphragm, slightly dimtnished on the 
left. Fracture of the 5th rib in the scapular line on the left and 
diminution of transparency corresponding to the 5th. 6th and 
7th ribs between the axillary and the internal scapular lines. 

As the case presented no signs of gravity, no intervention was 
made at first. Intervention was necessary later; the healing 
therefore, although good, was not perfect. 

Case 34. — A. G. — Right hemo-pneimiothorax, shell wound. 
Wounded 23-8-17 at r2 noon, admitted on the 24th at 2 p.m. 




152 THE TREATMENT OF WOUNDS OF LUNG AND PLEURA 

Presented a shell wound in the first intercostal space In the right 
parasternal line. The shell fragment was retained. The patient 
had no hemoptysis. There was marked dullness posteriorly ; two 
exploratory punctures obtained a little blood after considerable 
difficulty, so much so as to render thoracentesis unwise. Twenty- 
six hours having elapsed since the wound was made, clots haj 
evidently formed. There was a slight pneumothorax which was 
increased by the introduction of 600 c.c. of air, raising the pres- 
sure from — 8 to + 8, with the object of preventing pleural 
adhesions. 

On the 25th. reintroduction of 500 c.c. of air. raising the pres- 
sure from -|- 1 to -{- ID. The posterior area of dullness was 
still marked and was mobile. The temperature reached 38.7 on 
the 27th; after that normal. 

A radiograph made in September, seen in Plate 14, showed 
marked stratifications in the right hemithorax. A second 
radic^aph made on October iitli showed complete healing. 
(Plate 15.) 

Case 25. — C. V. — Right hemo-pneumothorax, penetrating 
shell wound. 

Wounded 19-8-17. admitted to Hospital 71 at 9.30 a.m. on 
the 20th. Presented a shell wound of the right chest 3 centi- 
meters above the nipple. The patient was dyspneic and cyanotic. 
Presented slight hemo-pneumothorax. 800 c.c. of air were in- 
troduced, creating a pressure oscillating between -|- 2 and -j- 8. 

A radiograi^, 22-9-17, showed a shell fragment in the pa- 
rietes in the mid-axillary line at the level of the 4th intercostal 
space, with slight diminution of transparency of the costo- 
diaphragmatic sinus on the right. Radiographic report of 
16-10-17: Both pulmonary areas normally transparent. Dia- 
phragm mobile. Costo-diaphragmatic sinuses free. (Plate 16.) 

Case 26.— ~D. M.^ Right hemo-pneumothorax, shrapnel 
wound. Wound of the liver. 

Wounded 1-9-17 at 8 p.m., admitted at 7 a.m. on the 2d. 
Presented a wound of entrance at the 5th interspace in the left 
mammary line. The projectile could be palpated in the abdominal 
wall, four fingers' breadth below costal margin in a prolonga- 
tion of the mid-axillary line. There had been, and was, hemop- 
tysis. There was considerable pneumothorax, 400 c.c. of air 
were introduced, raising the pressure from — 8 and -|- 2 to — 4 
and -(- 12. 

The patient complained of pain in the region of the liver. 

On the 5th radioscopy showed : Moderate right hemo-pneumo- 
thorax, opacity at the base, the shrapnel ball was subcutaneous 
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in the right flank. It was removed, there was no clothing 
about it. 

On the 7th, slight hemoptysis having reappeared a new in- 
troduction of 800 c.c of air was made, changing the pressure 
from — 12 and — 2 to — 6 and -|- 3. The patient had .been 
running a temperature of about 38: it reached 39 on the i6th. 
He complained of intense articular pain. On the 20th, pus 
drained from the wound. The wound was opened up and por- 
tions of clothing removed which had evidently perforated the lung. 
On the 20th of October radioscopy demonstrated both pul- 
monary areas of normal transparency. The mobility of the dia- 

' itagm was well preserved ; the complementary spaces were free. 

Plate 17.) 

Case 27, — G. G. — Left hemo-pneumothorax, shell wound. 

Wounded 23-8-17, admitted on the morning of the 34th. 
Presented a wound of entrance at the 12th rib in the mid-scapular 
line on the left. A large shell fragment could be palpated sub- 
cutaneously in the region of the sixth rib in the paravertebral 
line. The foreign body was removed and found completely 
wrapped up in clothing. There was diffuse subcutaneons em- 
physema and slight hemo-pneumothorax. 800 c.c, of air were 
introduced, raising the pressure from — 6 to -f- 2 and + 12. 
The patient had hemoptysis. 

On the 26th hemoptysis recurred. Therefore 300 c.c. of air 
were introduced, creating a pressure of — 4 and -|-8. 

On the 2Sth articular pains developed: there was pain, stiff- 
ness and edema of the wrists and hands. This rapidly improved 
and the fever which had reached 38 disappeared. 

On September 22d radioscopic examination showed no appre- 
ciable difference in the transparency of the two pulmonary areas, 
and no inequality of diaphragmatic excursion. (Plate 18.) 

Case 38. — I. F. — Left hemo-pneumothorax. 

Wounded 23-8-17 at 12 noon, admitted at 6 p.m. Presented 
a penetrating shrapnel wound of the left supraspinous fossa. 
Massive pneumothorax and slight hemothorax on the left. 

With the introduction of 400 c.c. of air the tension of the 
pneuraotliorax was raised from — 6 and o to o and -|- 6, The 
temperature reached a maximum of 38.2 on the 28th ; afterwards 
apyrexia. Radioscopic examination on the 28th showed: Slight 
diminution of mobility of the diaphragm on the left. Shell 
fragment at the base of the left lung. Complementary spaces 
free. Function and mobility of lungs normal. 

Case 29. — F. A. — Left hemothorax, shell wound. 
Wounded 3-9-17 at 7 p.m., admitted to a hospital at 10 p.m. 
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Presented a small wound in Uie left scapular region and two 
small wounds in the right lumbar region. Severe pain in breath- 
ing, and abdominal pain. Abdomen rigid, pulse loo. Radio- 
scopic examination showed: Left pleural effusion, small shell 
fragment in the left portion of the diaphragm, another foreign 
body in the 4th lumbar region which did not move with 
respiration. 

On the I2th the temperature was 38.6. The effusion was 
increasing. 

On tlie 13th the patient was transferred to my hospital Small 
amount of blood obtained by exploratory puncture. A thora- 
centesis was performed but failed to evacuate blood, although 
there was marked dullness. Evidently large clots had formed. 
Radioscopic examination showed: Marked opacity in the left 
pulmonary area with concave surface upward, oblique from 
within outward and from the base upward. The opacity cor- 
responded to a moderate effusion and thickening of the pleura. 
On the right, density between the superior lobe and the median. 

Case 30. — S, G. — Right hemo-pneumothorax. shell wound- 
Wounded 2-9-17 at twelve midnight, admitted on the 3d at 
5 A.M. Presented a penetrating wound in the right supraspinous 
region. The wound filled with particles of clothing was cleansed 
and closed. Radioscopic examination: Opacity at the apex of 
the right lung. Shell fragment size I X ij^ cm. in the paren- 
chyma of the lung at the apex. 

Within two hours increase of the effusion was noted. 600 c.c. 
of air were introduced, creating a pressure of — 6 and + 6. 

During the day 600 c.c. more were introduced, raising the 
pressure to — 6 and -|- 1 2. The temperature reached a maximum 
of 38.7 on the 4th, on the 6th the patient was apyretic. 

On the 26th of October radioscopic examination showed: 
Pulmonary areas nonnal except for a slight diminution of trans- 
parency at the right base. The mobility of the diaphragm was 
normal. Complementary spaces free. On clinical examination, 
the respiratory apparatus appeared normal. 

Case 31, — C. A, — Right hemo-pneumothorax, shrapnel 
wound. 

Wounded 23-9-17 at lo p.m., admitted at 2 p.m. on the loth. 
Wound of entrance in the 7th interspace between the right para- 
vertebral and internal scapular lines. The wound was directed 
downward and externally; it was infected and contained clothing. 

The patient had not had hemoptysis, nor dyspnea. Pulse 85. 
There was a slight hemo-pneumothorax : On account of the slight 
amount of blood no attempt was made to evacuate it. 700 cc 
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f air introduced, creating a pressure of — 4 and + 6. On the 
' 24th 600 CO, of air were reintroduced, raising the pressure from 
— 8 and — 2 to — 4 and + 4. 

On the 29th, 250 c.c. more of air were introduced, raising the 
pressure from — 8 and o to ^ 4 and + 4. Temperature reached 
38.3 on the 24th; after the 25th it was normal. 

Radioscopic examination 26-10-17: Pulmonary areas of nor- 
mal transparency, costo-diaphragmatic sinuses free. On inspira- 
tion the diaphragm presented an irregularity on the right. Pleuro- 
diaphragmatic adhesions on the right. 

Case 32, — L. S. — Right hemo-pneumothorax, sltrapnel wound. 

Wounded 20-8-17 ^t ^ a.m., admitted at 1 p.m. The projec- 
tile entered at the level of the 5th rib in the posterior axillary 
line, where it was extracted. Slight subcutaneous emphysema, 
pneumothorax present, hemothorax so slight that thoracentesis 
not believed advisable. 700 c.c. of air introduced, creating a 
pressure of o and -j- 8. 

Temperature of 38, soon becoming normal. 

Radioscopic examination on September 22d. Both pulmonary 
areas of normal transparency. Diaphragm normal. 

Case 33, — Lieut. M. A. — Right pneumothorax, shell wound. 
Wounds in the deltoid and hyoid regions. 

Wounded 19-8-17 at 9 p.m., admitted at 3 a.m. on the 20th. 
Wound of entrance in the right deltoid region producing a 
severe muscular lesion, wound of exit in the right paravertebral 
line at the level of the 7th dorsal vertebra. There was a slight 
wound in the hyoid region. Hemoptysis, subcutaneous em- 
physema, and pneumothorax were present. No hemothorax. 
500 C.C of air introduced with a pressure of + 2. 

On the 23d hemoptysis occurred, therefore a reinforcement 
of the pneumothorax was made, raising the pressure from — 2 
and + 6 to +2 and -f- lO- Temperature never exceeded 37.9. 
Apyrexia after the 23d, 

Radioscopic examination 28—9-17 showed both pulmonary 
areas clear. Mobility of the diaphragm slightly diminished on 
the right. The costo-diaphragmatic sinus obscured. Fractures 
of the 4th and 5th ribs. Shadows at the hila evidently calcifi- 
cations. {Plate 19.) 

The pulmonary function evidently excellent, mobility normal. 

Case 34, — M. A. — Left hemo-pneumothorax, penetrating 
f rifle wound. Diffuse emphysema. 

Wounded 19-8-17 at 1 1 a.m., admitted at 4 p.m. The bullet 
[ entered in the left deltoid region fracturing the humerus and 
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penetrating into the lung. There was marked subcutaneous 
emphysema diffused over the thorax, neck and face. There was 
slight hemothorax and voluminous pneumothorax. In the hope 
of closing indirectly the wound in the lung, notwithstanding the 
serious emphysema the pneumothorax was increased. The endo- 
pleural pressure was found to oscillate between — 4 and + 4. 
with the introduction of 650 c.c. of air it reached + 2 and 
+ 10. 

The patient was extremely anemic and dyspneic. Pulse 120. 
No hemoptysis. 

On the 20th hemoptysis appeared. Temperature 38. On the 
2ist the temperature reached 38.8. There was evidence of 
broncho-pneumonia. 400 c.c. of air were introduced, raising 
the pressure from — 2 to + 8. On the 22d the temperature was 
38.2; reaching normal on the 25th. 

On the 2gUi there was a rise of temperature due to the onset 
of follicular tonsillitis. 

The radtoscopic examination of September 9th showed : Par- 
tial pneumothorax on the right with pleuro-pericardial adhesions. 
Comminuted fracture of the surgical neck of the left humerus. 

On the 22d of September radioscopic examination showed: 
Marked opacity at the left back, fusing with the cardiac opacity 
at the apex. Costo-diaphragmatic sinuses obliterated. Move- 
ments of the diaphragm limited on the left, localized especially 
at the central portion of the diaphragm. Large metallic frag- 
ment, probably deformed bullet, in the mediastinum located near 
the vertebral column. 

October loth. — Radioscopic examination: Both pulmonary 
areas of normal transparency. Costo-diaphragmatic sinuses free. 
The diaphragmatic exairsion on the left was free, and regular; 
on the right it was reduced and the diaphragm slightly drawn 
upward. (Plate 20.) 

The pulmonary function was excellent. Evidently the pneu- 
mothorax had overcome the existing adhesions, which were 
probably the cause of the diffuse emphysema. 

Case 35. — Lieut. M. L. — Riglit henKKpneumothorax, shell 
wound. 

Wounded 31-5-17 at 4 p.m., admitted at 10 p.m. Presented 
a wound of entrance at the anterior margin of the deltoid 
muscle in the anterior axillary line. Blood mixed with bubbles 
of air issued from the wound. There was hemo-pneumothorax. 
The hemothorax being slight, it was not evacuated, but the pneu- 
mothorax was reinforced with 700 c.c. of air, bringing the 
pressure from — 4 and -J- 2, to -|- 4. Temperature 38.3. 

On the 1st of September 500 c.c. of air were introduced. 
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I creating a pressure of — 4 and + 4. Temperature 37.8; after- 
I wards normal. 

As the main shell fragment was located in the axilla the lung 

j must have been injured either by a small splinter of the shell, 

I or by a splinter of bone, or contused with rupture of the pleura. 

Radioscopic examination 28-8-17 showed: Pulmonary areas 

normal. Normal mobility of diaphragm. Pulmonary function 

I perfect. 

Case 36. — M. A. — Left hemo-pneumothorax, perforating 
rifle wound. 

Wounded 19-8-17 at 9 a.m., admitted at U.30 a.m. Pre- 
sented a wound of entrance at the 6th rib in tlie scapular line, 
and a wound of exit in the anterior axillary line of the 5th 
rib. There was marked hemoptysis and slight hemo-pneumo- 
thorax, evacuation of blood was considered unnecessary and 
750 cc. of air introduced instead. 

On the 2 1st 700 cc. of air were introduced, creating a pres- 
sure of -f 4. 

The hemoptysis did not entirely disappear until the 24th. 
On the 24th the maximal temperature was 38.2; afterwards 
it became normal, except that there was a rise on the 2gth due 
to tonsillitis and arthritis. 

Radiological examination on September 24th showed : Both 
pulmonary areas of normal transparency. The excursion of the 
diaphragm normal. Complementary spaces free. (Plate 21.) 

Pulmonary function was excellent. 

Case 37. — P. E. — Left hemo-pneunyjthorax, shrapnel wound. 

Wounded 22-8-17 ^^ ^ p.m., admitted on the morning of the 
Z3d. The projectile entered at the nth rib in the left para- 
vertebral line ; it was palpable at the 6th interspace in the mid- 
axillary line from which place it was extracted, together with 
some cloth whicli had evidently traversed the lung. The patient 
had hemoptysis. There was diffuse subcutaneous emphysema, 
extreme dyspnea, slight hemothorax, extensive pneumothorax 
with a pressure oscillating between ^ 6 and -\- 2. With a re- 
inforcement of 500 c.c. the pressure was raised to — 2 and -f* 12. 
On the 26th, there having been a recurrence of hemoptysis, an- 
other 400 c.c. of air was introduced, creating a pressure of 
— 2 and -\- 4. The patient had a temperature of 37.2 on the 
24th and thereafter remained apyretic. Radiological examina- 
tion on the 22d showed : Diaphragm obscured on the left 
Costo-diaphragmatic sinuses obliterated. Mobility of the dia- 
phragm diminished. Pleural effusion corresponding to the left 
costo-diaphragmatic sinus. 
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On October 20tli : Diaphragm less mobile on the left than on 
the right. Costo-cliaphragmatic sinus not completely free. 
Diminution of transparency at the base of the right lung'. 

The pubnonary function was excellent but the slight effusion 
of blood which was not evacuated had left a residuum in the 
left pleural cavity causing diminution of mobility of the margin 
of lung on that side. 

Case 38. — P. F. — Left pneumothorax, rifle wound. Com- 
pound fracture of the humerus. 

Wounded 22-8-17 ^^ twelve noon, admitted at 7 p.m. The 
bullet entered in the second interspace in the left parasternal line, 
made its exit in the axillary region, reentered the arm passing 
through it and fracturing the humerus. The patient was dysp- 
neic, and had marked hemoptysis, therefore the small pneumo- 
thorax was increased by the introduction of 1200 c.c. of air, 
raising the pressure to -|- 2, On the 2Sth hemoptysis ceased. 
The temperature from the 23d to the 27th ranged between 39.7 
and 37.8; after that normal. 

On September 9th the radiological examination showed: 
Slight diminution of transparency at the base of the left lung. 
The excursion of the diaphragm limited on the left. On Sep- 
tember 22d: No appreciable difference in the transparency of 
the two pulmonary areas and none in the excursion of the 
diaphragm on the two sides. 

On October 24th : Pulmonary areas of normal transparency. 
Excursion of the diaphragm normal. Complementary spaces 
free. 



Case 39. — S. M, — Left hemo-pneiunothorax, shell wound. 

Wounded 9-9-17 at twelve midnight, admitted at 10 a.m. 
on the 10th. The wound of entrance was in the subspinous 
fossa of the left scapula. There was left pneumothorax and 
a hemothorax so slight as not to warrant thoracentesis. 700 c.c. 
of air were introduced, raising the pressure from — 2 and o to 
o and -j- 6. The temperature reached a maximum of 39.2 on 
the nth; after the 12th it was normal. There was no cough 
or hemoptysis. 

11-9-17. — Radiological examination showed: Left pneumo- 
thorax, slight effusion in the left costo-diaphragmatic sinus. 
Shell fragment in the muscles of -the left side of neck behind 
the stemo-mastoid. 

11-10-17. — Pulmonary areas of normal transparency. Nor- 
mal mobility of the diaphragm. Costo-diaphragmatic sinuses 
free. (Plate 22.) 
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Case 40. — S. A. — Right hemopneumothorax, perforating 
shell wound. 

Wounded 20-9-17 at 9.30 a.m., admitted at 6 p.m. Patient 
was extremely dyspneic, suffering severe pain in the right chest, 
and the riglit iliac fossa. Hemoptysis present. He presented a 
small wound of the inferior maxilla, multiple excoriations of the 
face and a large wound in the region of the 4th rib in the mid- 
clavicular line. The projectile was palpable posteriorly below 
the spine of the scapula a centimeter external to the mid-scapular 
line. A shell fragment 3 cm. X i-5 cm. covered with clothing, 
together with splinters of bone were removed. 

In tiie right iliac region there was a small wound. The exam- 
ination of the chest revealed the presence of fluid in the right 
pleural cavity and also a pneumothorax. 

Radiological examination confirmed the clinical findings and 
demonstrated a small metallic fragment in the right iliac fossa, 
presumably in contact with the deep muscles of the pelvis. 

The existing pneumothorax was reinforced with 800 c.c. of 
air, creating a pressure of -}- 4. On the 22d 400 c.c. more were 
introduced, raising the pressure to -\- ro. The temperature 
reached a maximum of 37.9. 

On the 27th 600 c.c. of air were again introduced, raising the 
pressure from — 2 to + io. There was no hemothorax. 

Radiological examination on October 24th showed : Diminu- 
tion in transparency of the left upper lobe. The right pulmonary 
area of normal transparency. Diaphragm mobile ; costCKlia- 
phragmatic sinuses free. (Plate 23.) 

I Case 41. — V, R. — Right hemo-pneumothorax, shrapnel 

r Wound. 

Wounded 27-8-17 at 12 noon, admitted at 4 p.m. The projec- 
tile entered near the spine of the scapula and made its exit ante- 
riorly in the mid-clavicular line at the level of the 4th rib. There 
was a voluminous pneumothorax and moderate hemothorax. It 
was not considered wise to evacuate this, and 500 c.c. of air were 
introduced, creating a pressure of — 2 and + 8. Temperature 
37.6, then apyretic until the 31st when there was a febrile con- 
dition due to intestinal complications with temperature ranging 
between 38 and 39 until September 6th. 

22—9-17. — Radiological examination showed: Slight diminu- 
tion of transparency at the right base and a pleuro-pulmonary 
fold in tlie vicinity of the hiluni with adhesions to the central 
portion of the diaphragm on the right. 

The radiological report 16-10-17 was: Slight diminution of 
transparency in the left pulmonary region. Diaphragm normal. 
Complementary spaces free, (Plate 24.) 
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Although the hemothorax was not evacuated, healing was so 
perfect that diminution of transparency was noted not in the 
wounded lung but in the other. 

Pulmonary function perfect. 

Case 43. — B. L. — Right hemo-pneumothorax, penetrating 
shell wound. 

Wounded 9-8-17 at 6.30 a.m., admitted at 8.30 a.m. Pre- 
sented a wound of entrance in the mid-axillary line in the 6th 
interspace on the right. There was siibaitaneous emphysema, 
TTiere was a large wound of the soft parts in the right thigh. In 
the left thigh there was another severe wound, with laceration of 
the femoral vein requiring ligation at about the mid-thigh. On 
the 19th general condition was good but there was a hemo-pneu- 
mothorax. Maximal temperature 38.1. Exploratory puncture 
demonstrated very little fluid; blood clotted. 

On September 14th the radiological examination showed : Costo- 
diaphragmatic sinus and cardio-diaphragmatic sinus filled, prob- 
ably by coagula. Tlie diaphragm on the right was almost immobile. 
Right pneumothorax. 

Although the pulmonary lesion was slight, the lack of inter- 
vention, due to the fact that I did not assume the direction of the 
hospital until the 19th, 10 days after the wound was recrived, 
did not allow of good healing. 

Case 43- — B. P. — Right pneumothorax, shrapnel wound. 
Wounded 22-8-17 at 3 p.m., admitted at 2 a.m. on the 23d. 
Presented a wound of entrance in the posterior axillary region 
at the 6th rib. There was extreme dyspnea. There was no evi- 
dence of fluid in the chest; there was slight pneumothorax. 
Temperature 39.3. In the evening there was sudden acute 
dyspnea. A great increase in the volume of the pneumothorax 
was noticed. Respirations were 90 to the minute. 450 c.c. of air 
were withdrawn from the pleural cavity, and the patient showed 
rapid improvement. Respirations dropped to 60. The pressure 
of the pneumothorax was not high, being -j- 2 ; the grave dyspnea 
was due to a displacement of the mediastinum and a preexisting 
pulmonary disease which had reduced the functionating power 
of the other lung. The condition of the patient improved 
slightly, when broncho-pneumonia developed in the left lung with 
purulent expectoration. 

On September 1 2th an exploratory puncture was made at the 
left base and a scanty effusion evacuated. At the left base con- 
sonant rales were heard which together with the very abundant 
purulent sputum suggested abscess of the lung. Improvement 
set in slowly. 
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Radiological rqwrt 17-9-17: Right pulmonary area of normal 

"transparency. At tlie base of the left lung there was an opacity 

reaching two fingers' breadth above the nipple. The diaphragm 

drawn upward and very slightly mobile. Shrapnel ball in the 

right lung. 

This patient had an excessive spontaneous pneumothorax in 
addition to a damaged functional power of the other lung. An 
abscess developed on the other side as the result of contusion. 
The patient recovered with dyspnea on slight exertion ; the 
wounded side healed perfectly. 

Case 44. — L,A. — Abdomino-thoracic contusion. Heme-pneu- 
mothorax. 

29-9-17 struck by an auto-vehicle. Diffused pains. There was 
neither cough nor hemoptysis. The thorax and abdomen pre- 
sented no other lesions than diffuse ecchymosis. 

On the 30th it was noted that a spontaneous pneumothorax 
had developed, moderately voluminous; also a hemothorax. The 
temperature reached 37.7. The pneumothorax was reinforced, 
creating a pressure of +2. On the ist of October, with the 
subsidence of ecchymosis, icterus was noticed. Thoracentesis 
yielded 600 c.c, of sero-sanguineous fluid. 

On the 24th of October radiological examination showed: 
Both pulmonary areas of normal transparency. Diaphragm 
normal. Complementary spaces free. (Plate 25.) 

Case 45. — S. A. — Left pulmonary contusion, rifle wound. 

Wounded 19-8-17 at 6 a.m., admitted at 5 a.m. on the 21st. 
Presented a wound of entrance at the most external portion of 
the subclavian region on the left and a wound of exit at the tip 
of the scapula. There was pulmonary mobility. Marked pleural 
friction rub could be felt. There was slight hemoptysis. On ac- 
count of the slight symptoms there was no intervention. Maxi- 
mal temperature of 38.5 on September 2d. 

On September 3d, radiological examination showed: Triangu- 
lar-shaped opacity with the base outward in the left thorax corres- 
ponding in position to the scapula. 

October i6th, radiological examination showed: Fracture of 
5th, 6th and 7th ribs with callous formation in the internal scapu- 
lar line. Both pulmonary areas presented normal transparency. 
Diaphragm mobile, costo-diaphragmatic sinuses free. 

On account of the slight hemoptysis intervention was not per- 
formed in this case; the healing was perfect. 

Cose 46. — L. P. — Right pulmonary oontusion. 

Wounded 19-8-17 at 5 p.m. Presented a penetrating wound 
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at the 3d interspace in the mid-c!avicular line. A shrapnel boll 
was removed in the posterior axillary line at the level of the sth 
rib. The patient was in excellent condition. There was be- 
nraptysis, which ceased on the 21st- There was no effusicm or 
pneumo thorax , 

On the 30th a slight dullness was noted in the complementary 
space, 30 c.c. of exudate were evacuated. There was a diffuse 
bronchitis ^v^lich kept the patient confined to his bed. 

October 15th, radiological report: Pulmonary area : 
dia^rfiragm mobile; complementary spaces free. 



Case 47. — B. S. — Right puhnonary contusion, rifle woi 

Wounded 21-8-17 at 4 p.m.. admitted at 2 a.m. on the 22d. 
Presented a wound of entrance in the mid-axillary line at the 
level of the 6th rib. and a wound of exit in the paravertebral 
line at the level of the 10th rib. Hemoptysis was the only pul- 
monary sign noted, lasted several days. Ma.ximal temperature 
37.8 on the 24th, after that normal. 

On the 3d of September a quite severe spastic bronchitis devel- 
oped which continued until the 12th. At the base diminished 
voice sounds were noted with reduction of pulmonary mobility. 

On September 14th radiological examination showed : Diminu- 
tion of transparency of both pulmonary areas. On the rig-ht the 
excursion of the diaphragm was much reduced, there were present 
pleuro-diaphragmatic adhesions. 

This case although a slight one, probably of simple pulmonary 
contusion by a projectile which perforated the parietal pleura, 
compressed and contused the lung ; and then passed on ; the ' 
ing was imperfect on account of the non-intervention. 



Case 48. — C. A. — Contusion of right hemithorax. 

Wounded 18-8-17 at 10 a.m.^ admitted at 5 p.m. Presented 
a contusion of the right hemithorax. There was hemoptysis. 
General condition good. Hemoptysis ceased on tlie 23d, but 
pleural friction developed at right base. On the 30th there were 
diminished voice sounds at the right base ; there was also dimin- 
ished respiration. 

Case 49. — D'A. M. — Contusion of right hemithorax. Dry 
traumatic pleurisy. 

Wounded 19-8-17 at 10 a.m., admitted at i p.m. on the 20th, 
General condition good, no hemoptysis; there was a pleural 
friction sound at the riglit base which continued several days. 
Temperature reached 38. 

Radiological examination of September 5th showed: Excur- 
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sion of the diaf^ragm less free on the rig^ht than left. There 
was thickening of the pleura in the inferior costo-diaphragmatic 
sinus. A small foreign body was noted in the parietal wall two 
fingers' breadth above the costal border, 2 cm. external to the 
mammary line. 

In this case no intervention was done on account of the good 
condition of the patient, but healing was not perfect. 

Case 50. — P. M. — Left pulmonary contusion. 

Wounded 19-8-17 at 6 a.m., admitted at 5 p.m. Presented a 
machine gun wound in the 4th interspace in the left paravertebral 
line. Wound of exit in the anterior axillary line. No evidence of 
wound of the lung. The patient had hemoptysis due to contusion. 

On the 2 1 St a small pneumothorax was noted with increase 
of hemoptysis, therefore 690 c.c. of air were introduced with a 
pressure of o. Temperature 38; afterwards apyretic. 

On the 25th generalized bronchitis of left lung with irritating 
cough having developed, 700 c.c. of air were again introduced 
with a pressure of o. 



- Right heme-pneumothorax, open shell 



Case 51. — .\. S.- 
wound. 

Wounded 22-8-17 at 2 p.m., admitted at 7 p.m. Presented 
at the junction of the upper and middle thirds of the humerus 
a large shell wound, penetrating also the thorax and making its 
exit at the 6th rib in the parasternal line. Blood flowed freely 
from tlie wound. There was hemoptysis. With forceps the 
opening was enlarged and air allowed to enter freely, and more 
tlian 500 c,c. of blood allowed to flow out. Since there was no 
loss of tissue, tlie pneumatic bag was not inserted but the wound 
was closed with a simple compression dressing. 

On the 23d there was a purulent discharge from the wound in 
the deltoid. The thoracic wound being closed, a reinforce- 
ment of the pneumothorax with 500 c.c. of air was made, creat- 
ing a pressure of at)out o. 

On the 26th reinforcement with 300 c.c. of air. The tempera- 
ture was 38.9 on the 23d, normal after the 25th. 

On September 24th the clinical examination showed: Pulmo- 
nary function normal. Radiological examination: Both puhno- 
nary areas transparent. Excursion of the diaphragm normal. 
Costo-diaphragmatic sinuses free. Fracture of the 9th rib in the 
paravertebral line. (Plate 26.) 

Case 52. — C. P. — Right hemopneumothorax, open shrapnel 
wound. Rupture of the membrana tympani. 

Wounded 20-8-17 ^t 2 p.m., admitted at 8 p.m. Presented a 
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wound of entrance in the right subscapular fossa and exit in the 
2d interspace in the parasternal line. Multiple slight wounds of 
thighs and legs, contusions of the face. Marked anemia and 
dyspnea, pulse 130, The anterior wound pennitted the passage 
of air on deep respiration and coughing. A thoracentesis was 
done and 600 c.c. of blood evacuated, tlie cavity irrigated with 
700 c.c. of chlorosol. As there was severe anemia and active 
hemorrhage, the wound was closed with a pneumatic bag in order 
to perniil of compression of the lung. The rubber bag was 
changed on the 25th for a smaller one. The lung was silent, a 
slight increase of the hemothorax had increased the tension of 
the pneumothorax On the 31st the bag was removed and the 
wound packed with gauze: the pleura was completely closed. 

The maximal temperature was 37.8 on the 23d. 

October igth the radiological examination showed: Both pul- 
monary areas of normal transparency. Shattering of the inferior 
margin of the 5th rib in the scapular line with metallic fragments. 
Fracture of the right scapula. Excursion of the diaphragm nor- 
mal. Complementary spaces free. (Plate 27.) 

Case 53, — C. S. — Ri^it hemothorax, open shrapnel wound. 
Empyema. 

Wounded 22-8-17 about 5 a.m., admitted at 7 p.m. Presented 
an open wound a centimeter in diameter in the parasternal line 
in the 5th interspace. There was grave dyspnea. Pulse 90. A 
liter of blood escaped from the wound. The wound was closed 
with a hemothorax bag and a saline hypodermoclysis given. 

On the 23d a half liter of slightly punUent bloody fluid exuded 
from the wound. 

On the 24th hemorrhage being controlled, the pneumatic em- 
pyema tube was substituted for the hemothorax bag. The shrapnel 
ball was removed from the 6th interspace in the posterior axil- 
lary line. The pleural cavity was irrigated with chlorosol until 
it was time to commence dilatation of the lung by negative pres- 
sure. Tlie temperature which had reached 38.5 soon fell and 
was maintained below 37.5. The patient improved rapidly, and 
although the case was a very grave one, and the drainage at 
the 5th space in the parastemEil line, very disadvantageous!/ situ- 
ated, nevertheless it was possible to obtain complete closure of 
the wound in about 50 days without thoracic deformity. The 
pulmonary function was well restored. 

Radiological examination showed: Excursion of the dia- 
phragm limited on the right, where it was retracted a little 
and irregular in contour. The complementary space was not 
entirely free. Diminution of transparency of the right base 
especially externally. (Plate 28.) 
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Case 54. — M. E. — Right hemopneumotliorax, open shrapnel 
wound. Diffuse subcutaneous emphysema. 

Wounded 19-S-17 at g.30 a.m., admitted at 6 p.m. Presented 
a wound of entrance in the right paravertebral region at the 
level of the 4th rib. The shrapnel ball was removed from the 
region of the nipple of the same side. The posterior wound was 
open. Air entered freely through the wound and some blood 
escaped. The wound was packed. There was hemoptysis. 

On the 20th the pleural wound being closed, 600 c.c. of blood 
were evacuated and a liter of air introduced. The temperature 
;was 37.3. 

On the 2ist the temperature was 38.5, on the the 22d 37.8 and 
■cm then declined until apyrexia was established on the 27tli. 

On the 32d 600 c.c. of air were introduced raising the pressure 
from — 6 to +6. On tlie 25th 700 c.c. of air were introduced, 
creating a pressure of -j- 4; on the 30th 400 c.c, raising the pres- 
sure to + 10. 

A slight amoimt of effusion persisted. On the 17th of Sep- 
tember radiological examination showed : Right hemo-pneimio- 
thorax, the fluid reached a centimeter above the nipple and moved 
,with the heart beat. 

Although the effusion was not evacuated in this case it was 
ibsorbed quite completely as the radiological report of October 
,10th showed ; Pulmonary areas normal ; diaphragm mobile ; com- 
lementary spaces free. (Plate 29.) 

Case 55. — P. G. — Right hemo-pneumothorax, open rifle 

Mind. 

Wounded 20-8-17 ^* 4 p-"' admitted 9 a.m. on the 21st. 
Presented a penetrating wound of the right shoulder perforating 
the head of the humerus and the lung, with wound of exit at tlie 
loth rib in the paravertebral line. The wound was open. On 
the 22d blood flowed from it freely. A pneumatic hemothorax 
bag was inserted. Hemorrhage was controlled but on removing 
the bag infected blood issued. A pneumatic drainage tube was 
inserted. The cavity was irrigated daily. There was a very 
profuse purulent discharge. On the 3d of September the tem- 
perature reached 39.5. After that there was a diminution of 
discharge and a sulMidence of fever. 

On the 30th of September the wound was closed. Pulmo- 
nary function was excellent, with almost no deformity of the 
thorax. 

The radiological examination showed: Opacity at the base of 
the right lung. The diaphragm was slightly retracted. Excur- 
sion ahnost normal. Resection of the i ith rib on the right. 
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Case 56. — V. A. — Left hemo-pneumothorax, open shell 
wound, retained projectile. 

Wounded 17-8-17 at 8 a.m., admitted at 5 p.m. Presented a 
penetrating wound of the manubrium ; the wound was open, 
Pneumothorax, subaitaneous emphysema and hemoptysis were 
present. The gaping wound was dosed with a pneumatic bag. 
Condition of patient was serious. Marked dyspnea with small, 
rapid pulse. 

On the 2ist the bag was removed, and since the pleura seemed 
to be closed the wound was packed. The temperature varied 
between 37.5 and 38.5 ; after the 9th it became normal. 

On account of the serious condition of the patient the hemo- 
thorax was not evacuated at first. On the 23d 1000 c.c. of blood 
were evacuated with a certain amount of difficulty owing to clots. 
The cavity was irrigated with chlorosol. The continuance of the 
fever aroused the suspicion of empyema. The cultural examina- 
tion showed that the fluid was sterile. 

On the 29th of August radiological examination showed : Left 
pnenmothorax ; shell fragment in the muscles of the left back. 

On the 17th of September it showed: Pneumothorax on the 
left with adhesions. The costo-diaphra^matic sinus was obscured 
No evidence of fluid. 

On the 1 6th of October the radiolc^cal examination showed: 
Diaphragm retracted on the left. Its excursion was a little re- 
duced especially externally. Costo-diaphragmatic sinus obscured. 
Diminution of transparency corresponding to the left lobe. Pleu- 
ral thickening, left pleuro-diaphragniatic adhesions. Shell frag- 
ment in the dorsal group of muscles on the left. 

In this case, while it was possible to avoid empyema by the use 
of the bag, the blood was not evacuated until eight days later. 
The function of the lung was excellent, but the X-ray showed 
slight diminution of transparency. 



Case 57. — C. F. — Left hemo-pneumotliorax, open shrapnel 
wound. Abscess of the lung. 

Wounded 20-8-17 ^t 8 a.m., admitted at 7 p.m. The projec- 
tile entered in the left anterior axillary line at the 5th rib and 
was palpable subcutaneously at the i ith rib in the paravertebral 
line. It was extracted together with portions of clothing which 
had evidently passed through the entire lung. Air issued from 
the anterior wound on coughing. There was marked subcu- 
taneous emphysema, also, hemoptysis. The anterior wound was 
compressed. It was possible with difficulty to introduce 800 c.c. 
of air on account of pleural adhesions. On the 21st, too c.c. 
more were introduced. The temperature varied from 37.5 to 
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F38.5. On the 27th as hemoptysis was still present 400 c.c. more 
of air were introduced. 

On the 5th of September the patient vomited a large amount 
of nonfetid pus. The temperature reached 39.3. 

On the 6th 500 c.c. of hemopurulent fluid were evacuated from 
the chest and the cavity irrigated with chlorosol. The pus con- 
tained staphylococcus. 

On the 7th 400 c.c. of air were introduced, creating a pressure 
of 4- 14 in the attempt to overcome the abscess. Compression 
of the lung was difficult on account of adhesions. The patient 
had had a fracture of the clavicle the year before. 

On the 1 rth a reinforcement of 400 c.c. of air was made, the 
pressure being + 14. The pulmonary condition showed con- 
tinuous improvement, the temperature becoming normal. Sud- 
denly on the 19th there was a bloody diarrhea with temperahire 
of 40. There was a recrudescence of pulmonary symptoms. 

On the 2ist, 22d, and 25th, 400 c.c. of air were introduced. 
The temperature which had been running at 40 began to de- 
cline. The symptoms of abscess diminished. The patient showed 
decided improvement 

On the 25th of October the patient was transferred in good 
condition. 

Case 58. — L. S. — Left hemo-pneumothorax, open rifle 
woimd. 

Wounded 20-8-17 ^t twelve noon, admitted at 6 p.m. Pre- 
sented a wound at the 7th rib in the scapular line on the left 
The wound was gaping and blood flowed from it The pleural 
cavity was irrigated with chlorosol. 

On the 2ist, as the oozing of blood from the woimd was 
continuing, a hemothorax pneumatic bag was inserted. On the 
22d the hemorrhage was controlled but the hemothorax was in- 
fected. A copious chlorosol irrigation was made and drainage 
tubes inserted. The empyema was treated by daily irrigations 
with chlorosol. The patient made progressive improvement. 
Suddenly on the 31st there was an elevation of temperature 
which continued several days. 

On the 9th of September the pneumatic empyema tubes were 
inserted and aspiration of the King begun. As the temperature 
remained elevated and the wound was not sufficiently large for 

icient drainage, the patient was transferred to the Ambiilansa 
'hirurgica. 



-Right hemo-pneumothorax, open shrapnel 



Case 59. — S. A.- 
wound. Empyema. 

Wounded 10-9-17 at 1 1 p.m., admitted at to A,M. Presented 
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a wound of entrance in the right subscapular region and a wound 
of exit in the 4th interspace in the parasternal line : blood issued 
from the latter in large amounts. The patient was anemic and 
dyspneic. Respiration 30, pulse 120. The anterior wound was 
closed with a pneumatic hemothorax bag and the pneumothorax 
reinforced with air, raising the pressure to + 10. Hypoder- 
moclysis of 500 c.c. of saline. The temperature was 40. 

On the 13th the temperature was 39.5. The patient was stil! 
dyspneic. A focus of broncho-pneumonia was detected on the 
right side. The pneumatic bag had held perfectly ; there was no 
increase of hemothorax. 

On the 13th a pneumatic tube was substituted for the hemo- 
thorax bag. Several irrigations of chlorosol were made during 
the day. The patient showed improvement. The temperature 
was declining. The condition of the patient which had been 
so grave as to indicate a fatal termination, with continuous irri- 
gation and aspiration of the lung improved progressively, so 
much so that he could be transferred on the 29th of October 
with the assurance of recovery. 

It is to be noted that the treatment was successful although 
drainage was established in the anterior wound in a position 
unsuitable for drainage. The wound was closing in spite of the 
presence of the bag, and the empyema cavity was almost closed. 

Case 60. — B. A. — Right hemo-pneumothorax, open shell 
wound. 

Wounded 18-8-17 ** 2 p.m., admitted at i p.m. on the 19th. 
Marked hemoptysis. Presented a wound of entrance in the 
3d interspace in the mammary line. There was diffuse em- 
physema of the thorax and face. At every cough the pneumo- 
thorax raised the skin, A pneumatic hemothorax bag was 
inserted. 

On the 2 1 St the emphysema began to diminish; there was a 
moderately extensive pneumothorax, the hemothorax was not 
evacuated as the wound gave communication between the pleural 
cavity and the subcutaneous tissue. For this reason the tension 
of the existing pneumothorax was not increased artificially. 

On the 22d an exploratory puncture yielded no blood, evi- 
dently on account of clots. 

On the 24th the emphysema having diminished, a sinking in 
of the tissue of the 3d interspace was noticed. The crust having 
fallen from the wound a large subcutaneous cavity was noticed; 
this was packed. The pleura had already closed. 

The temperature which had ranged from 37.5 to 38.2 fell to 
normal on the 26th. 

On the joth of September radiological examination showed: 
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Pleural adhesions on the right, apical and basal ; pneumothorax ; 
slight effusion in the costo-diaphragmatic sinus. 

On the l6th of October radiological examination showed: 
Opacity corresponding to the base of right lung. Normal mo- 
bility of the diaphragm. (Plate 30.) 

In this case the blood not having been evacuated on account 
of the opening in the parietal pleura caused the opacity visible 
in the radiograph. The pulmonary function, however, was good. 
The spontaneous pneumothorax permitted good reexpansion of 
the limg. 

Case 61. — Lieut. G. C. — Pulmonary contusion. 

Wounded 20-8-17 ^^ '^ "■- admitted at 7 p.m. Was thrown 
into the air by the explosion of a shell. Had severe symptoms 
of concussion. Presented two wounds; one at the level of the 
8th rib in the left mid-scapular line, the other in the left shoulder 
joint. There was evidence of penetration of the pleural cavity. 
There was profuse hemoptysis, the patient was in a state of 
shock, and dyspneic. Respirations 40. Pulse 50. On account of 
the general condition of the patient, and the assumption of pul- 
monary contusion in spite of the evidence of penetrating wound, 
no intervention was carried out. 

On the 2ist signs of broncho-pneumonia increased, the hemop- 
tysis also became more marked. The temperature reached 40.3. 
Pericardial and pleural friction sounds developed, accompanied 
by severe pain. There was neither hemo nor pneumothorax. 
To alleviate pain 500 c.c. of air were introduced into the pleural 
cavity. The pains disappeared and likewise the pleural friction 
sounds, the pericardial friction remained, the patient felt re- 
lieved. On tlie 33d the temperature was 38.6. Respirations 40. 
Pulse 1 50. There was profuse bloody expectoration. 

Temperature ranged from 38.8 to 37.8 between 23d and 26th. 
The patient was improving, hemoptysis diminishing and also 
the expectoration. On the 27th there was profuse purulent 
expectoration, continuing for some days and becoming putrid. 
The temperature remained at 39, there were definite signs of 
pulmonary abscess localized at the base. The treatment of the 
abscess by artificial pneumothorax was tried. Several introduc- 
tions of air were made; 500 c.c. on the 3d, 600 on the 6th and 
8th, but the lung could not be rendered quiescent. Tenacious 
adhesions certainly existed in the neighborhood of the abscess 
which prevented compression; there was complete respiratory 
silence except at the base where there was harsh amphoric 
breathing with medium and coarse rales superficially. 

The condition grew steadily worse and the patient died on the 
lOth of September. The clinical diagnosis was made of pul- 
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monary abscess localized in the lower lobe, diflfuse gangrene, 
pleural adhesions in the region of the 6th rib posteriorly which 
prevented collapse of the lung-. 

Post-mortem Report. — Thorax: Upon opening the left thor- 
acic cavity the presence of pneumothorax was revealed. The 
left lung was compressed toward the mediastinum. Bands of 
connective tissue bound the lung to the thoracic wall in the 
mid-axillary and paravertebral region from the 5th to the 7th 
intercostal spaces, the inferior surface of the lung was adherent 
to the diaphragm. There was a slight hemothorax. Upon de- 
livering the lung a subpleural cavity was found of about 5 cm. 
in depth located in the inferior lobe, the cavity was empty and 
was in direct communication with a bronchus; the peripheral 
pulmonary parenchyma was infiltrated with blood, and the walls 
of the cavity were lined with necrotic tissue. The finger pene- 
trated without force into the cavity. In the right thorax there 
were no adhesions between parietal and visceral pleura, and no 
fluid. The right lung presented in the sulcus between the supe- 
rior and inferior lobes a dense fibrinous exudate; there were 
also' subpleural hemorrhages. Both the right and left lungs 
presented confluent broncho-pneumonia with thick pus which 
exuded in large quantities from all the small bronchioles. 

Heart: Nothing abnormal. 

Vessels: Thrombus in the right innominate vein. 

Abdomen: Hemorrhagic infiltration of the great omentum. 

Liver: On the right lobe a small subcapsular hemorrhage was 
noted. 

Anatomical Diagnosis; Pulmonary contusion from a non- 
penetrating wound of the left thorax. Gangrenous abscess of 
the left lung communicating with the bronchi. Putrid bilateral 
broncho-pneumonia, right fibrinous pletu-itis. Contusion of the 
liver. 

Case 62. — Lieut. T. G. — Left pneumothorax, large open shell 
wound. Empyema. Abscess of lung. 

Wounded 19-17 at 7 p.m., admitted at 4 A.M. on tlie 20th. 
Condition very grave. Dyspnea. Pulse 130. Presented a lai^ 
open woiuid, about 3 cm. in diameter, of the left chest in the 
mid-scapular line in the 8th space. Pneumothorax and subcu- 
taneous emphysema. The patient had hemoptysis and vomiting. 
There were large wounds of the soft parts of the left arm and 
forearm. As there was hemorrhage, the chest wound was closed 
with a hemothorax bag. Anteriorly in the subclavian region 
there was another wound from which air escaped upon coughing, 
and about which there was a marked subcutaneous emphysema. 

On the evening of the 20th the pneumatic bag had to be re- 
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loved on account of increase of subcutaneous emphysema. 
150 c.c. of blood escaped from the posterior wound. The pleural 
Lvity was irrigated with chlorosol. Temperature 37.4. 

21-8-17. — The emphysema was less; in a spell of coughing 
and vomiting the patient raised half a cupful of pus. 

Drainage of the pleura was continued with increasing signs 
of the development of an empyema. There was a diminution 
of pus. The temperature was increasing and reached 39°. 

As radiological examination showed the presence of a missile 

in the right subclavian region under the rib, it was extracted. 

The missile was a large fragment of shell covered with cloth 

hich had traversed the lung. The wound communicated with 

le pleura. 

28-8-17. — The temperature remained elevated. Signs of 
diffuse bronchitis were present. The pulse was small and rapid. 
Dyspnea was marked. The open wounds did not permit of 
compression of the lung, and tliere were symptoms of traumat- 
opnea. 

Death occurred on the 31st. 

Post-mortem Report. — Thorax: Diffuse emphysema of the 
left thorax as far as the neck. The intercostal spaces on the left 
were prominent. On opening the thorax the presence of fibrin- 
ous adhesions between the left lung and the pericardium and the 
anterior chest wall were noted. The lung was also adherent to 
the diaphragm. In the left pleural cavity the presence of a sero- 
purulent exudate was noted. The left parietal pleura was 
covered with a thick fibrinous exudate. The left lung was in- 
creased in size and presented fibrinous adhesions between the 
superior and inferior lobes. On the surface of the inferior lobe 
posteriorly was noted a necrotic tract 2 cm. in diameter, covered 
with fibrinous exudate. On making a section through the lung 
an abscess cavity the size of a nut was found 2 cm. from the 
surface: there was a diverticulum extending from this to the in- 
ferior lateral margin of the lung. The cavity was lined with 
fibrinous membrane ; in the walls were thrombosed and eroded ves- 
sels, the pulmonary tissue surrounding the abscess showed hepa- 
tization. The superior left lobe presented evidence of diffuse 
edema and capillary bronchitis. At the 8th intercostal space in 
the mid-scapular line the wound of entrance was noted: it ad- 
mitted the thumb; there was a fracture of the 8th rib. In the 
right hemithorax was noted the presence of old fibrinous adhe- 
sions between visceral and parietal pleura at t!ie apex; the right 
lung showed evidences of diffuse edema and capillary bronchitis. 

The heart presented nothing of import beyond a marked 
dilatation of the left ventricle; the myocardium was flaccid 
and anemic. 

Abdomen: Upon opening the abdominal cavity it was noted 
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that the diaphragm on the right reached to the 5th rib, on the 
left to the 6th. Nothing remarkable in the abdominal viscera 
except a chronic discrete enlargement of the spleen. 

Anatomical Diagnosis : Penetrating wound of the left lung 
with formation of emphysema and pulmonary abscess of the 
inferior lobe. Cause of death, cardiac paralysis, acute dilatation 
of the heart. 



Case 63. — R. F, — Right hemo-pneumothorax, shrapnel wound. 
Gas gangrene. 

Wounded 28-8-17 ^* 7 a.m., admitted at i p.m. Presented 
a wound in the first intercostal space in the anterior axillary line 
on the right. There was subcutaneous emphysema. The patient 
stated that he was thrown into the air by the explosion of a 
bomb and then wounded by a shell. He had hemoptysis. Thora- 
centesis was performed with the evacuation of 400 c.c. of blood 
and the pleural cavity irrigated with chlorosol. On the 20th 
400 c.c. of air were introduced, raising the pressure to — 4 and 
-|-6. On the 21st the temperature was 37.8, on the 22d 38.2. 
on the 23d, 38.9. Hemoptysis ceased. On account of the ele- 
vated temperature an empyema was feared. Bacteriological 
examination showed the pleural exudate to be sterile. 

On the 26th slight icterus was noted. 

On the 27th marked increase of icterus. The liver was en- 
larged and tender. The patient was dyspneic and anxious. Fear- 
ing that the dyspnea might be aggravated by the pneumothorax 
500 C.C. of air were withdrawn without apparent benefit. 

On the 28th following the withdrawal of air, an increase in 
the amount of fluid exudate was noted. The condition of the 
patient became worse and death ensued. 

Post-mortem Report. — On external examination there was 
noted : Intense icterus of the skin and mucous membranes. There 
were no hemorrhages. Subcutaneous emphysema of the an- 
terior parietes of the thorax, neck, face, and scrotum. Rigor 
mortis present. Superficial veins of abdominal wall very 
prominent. 

Head: Marked icteric staining of diploe and meninges. In 
the superior longitudinal sinus there were laminated clots and 
changed blood with bubbles of gas. There was a marked amount 
of gas also in the veins of the pia mater and in the subarachnoid 
spaces. On incising the carotid, blood mixed vrith gas exuded; 
nothing remarkable in the vessels and nerves of the base of the 
skull. There was an icteric imbibition of the brain, the lateral 
ventricles were dilated, the choroid plexuses were icteric, the 
third and fourth ventricles normal. The substance of the brain 
was pale. Nothing abnormal found on section of the frontal 
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f lobes, cerebellum and bulb. The sinuses of the dura mater at 
the base contained blood mixed with gas. 

Neck: Upon incision of the skin escape of gas was noted. 
Thorax: The pericardium was distended with liquid, the apex 

I of the heart reached the fourth intercostal space on the left. On 
section there was marked anemia of the myocardium. The 
valves were normal. In the right thoracic cavity there was a 
considerable quantity of bloody fluid containing bubbles of gas. 
The lung was adherent to the parietes on the antero-internal as- 
pect superiorly by old and fresh adhesions, the whole interior 
portion of the pleural cavity was occupied by a large laminated 
dot the size of a lung adhering to the above described fibrinous 
bands. Upon delivering the lung and removing the superficial 
dots, there was noted a small laceration of the visceral pleura. 
3 mm. in diameter in the interlobar fissure which penetrated into 
the parenchyma of the lung, there was a necrotic tract the size 
of a bean surrounded by a zone of infarct the size of an apple. 
The interlobar arteries were not injured. 

Upon examination of the parietes complete fracture of the 
third, fourth, fifth, sixth and seventh ribs was noted. In this 
region there was a laceration of the pleura representing the 
I wound of entrance which was found in the midst of a fibrinous 
I dot adherent to the inferior surface of the lung. In the left 
I thoracic cavity there was a small quantity of serous fluid, the 
I left lung presented a slight amount of edema. 

Abdomen : The liver was markedly increased in size, espe- 
Icially the right lobe. Its surface was covered with laminated 
I dots, marked emphysema under the capsule of Glisson, its con- 
I sistency was spongy; on section there were numerous cavities 
I giving the tissue an alveolar appearance. The biliary vessels 
■ were markedly injected, there were alterations of the paren- 
Idiyma, the lobules could be made out. there was no increase of 
I connective tissue. 

The spleen was increased in size with thickening of the a^ 
Isule; there was considerable gas in the blood of the spleen. 
The left kidney was enlarged, icteric, and contained gas. The 
right kidney was the same. 

The diaphragm was covered with laminated and cavernous 
dots ; the result probably of contusion. 

Anatomical Diagnosis: Gas infection with icterus and gener- 
alized emphysema in a subject wounded by a cylindrical shra[>- 
I nel projectile in the right lung, with hemothorax and fracture of 
I the ribs. 

Case 64, — R. A. — Right hemo-pneumothorax, shell wound. 
Wounded 19-8-17 at 7 a.m., admitted at 8 a.m. to an ad- 
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vanced liospital. Presented a wound of entrance in the right 
paravertebral line at the gth rib. General condition grave, pulse 
very small, rate 126. 

Admitted to Hospital 79 on the 29th with a voluminous hemo- 
thorax. Radiological examination indicated the probable pres- 
ence of the projectile in the right ventricle. 

On account of the severe dyspnea evacuation of the hemo- 
thorax was attempted. At first no blood was obtained as the 
trocar had entered a clot, but by inserting it more deeply and 
raising its point it was possible to evacuate 3400 ex. of very 
Woody fluid without untoward incident of any kind, not even a 
cnu(fh. Warm air was introduced in place of the fluid with- 
drawn, No irrigation of the pleura was made. 

On the 30th temperature 37.4. On the 31st temperature 37.4. 
The patient was dyspneic. Signs of increase of fluid exudate 
were noted, with phenomena of hypertension of the pneumo- 
thorax. The tension was found to be -)- 18. 500 c.c. of air were 
withdrawn giving marked relief. 

A radiological examination made on the 3d of September 
showed right pneumothorax with swallow's nest effusion. From 
the 2d to the 5th the temperature reached 39, subsequently falling 
with evident improvement in the condition of the patient. 

On Ihe loth persistent cough developed with bloody purulent 
expectoration. The effusion having increased, a Hter of bloody 
fluid wa.« drawn off and the cavity irrigated with chlorosol. 

Tlie patient felt better. On the 1 ith and 12th the temperature 
(lid not exceed 37. 

On the I2th, at 6 in the morning, the patient after having 
passed the night in relatively good condition was suddenly 
Belzed with a feeling of suffocation, with violent pain starting 
in the cardiac region and radiating along the vertebral column to 
the neck, where there was a feeling of slabbing pain. 

The patient became cyanotic and agitated, the pulse, however, 
did not show any marked change. Morphine was administered 
and the attack passed off. Marked dyspnea persisted and the pa- 
tient remained in an anxious condition. No loss of conscious- 
ness. At 10, I P.M. and 3 there were sudden slight recurrences 
of these attacks. The patient complained of precordial pain, a 
lensc of constriction and oppression and inability to swallow. 
At 5.30 P.M. there was another attack severer than any of the 
preceding ones, with a sense of sudden suffocation. Tlie patient 
rapidly ^came deeply cyanotic, the radial pulse disappeared, the 
pupils dilated and did not react. After prolonged artificial 
respiration and the subcutaneous injection of stimulants the 
patient revived and regained consciousness. 

Ascribing these attacks as due to the presence of the pro- 
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jectile in the heart, although the patient was in extremely bad 
condition, an attempt was made to remove the missile by surgi- 
cal intervention. The thorax was opened and the heart exposed. 
No projectile was found. The condition of the patient did not 
permit of a thorough search. The patient died. 

Post-mortem Report : Upon opening the pericardium there was 
a shght amount of serous fluid. Careful examination of the 
heart failed to reveal the missile. It was found embedded in the 
parenchyma of the right lung near the hilum, close to the pul- 
monary vein which, however, was not injured. No evidence of 
inflammation in the immediate vicinity of the missile. Tlie right 
lung was compressed mesially; in the pleural cavity were about 
700 C.C. of sero-sanguineous fluid with clots and adhesions. Noth- 
ing abnormal in the heart. 

Case 65. — C. A. — Admitted at 8 A-m. Wounded the previous 
morning on Faiti. Presented a shell wound in the left paraverte- 
bral region at the level of the 7th dorsal vertebra. There was 
no wound of exit. There was a small effusion at the base. There 
had been hemoptysis. A spontaneous pneumothorax existed which 
was increased, raising the pressure from — 4 to -f6. 

The patient bore this procedure well. Temperature 38.1. On 
the 22d 37.8-38.4. 

Radiological examination: Left hemo-pneumothorax. Shrap- 
nel ball located in the left thorax at the level of the 10th dorsal 
vertebra, 5 cm. from the median line. 

Marked dyspnea being noted on the evening visit with dis- 
placement of the heart, 600 c.c. of air were withdravm. The 
subjective symptoms improved at once. An exploratory punc- 
ture, same site, obtained an odorless bloody fluid. 

On the 26th the temperature was 36.6-37.4. On account of 
the subjective and objective improvement of the patient evacua- 
tion of the effusion was postponed. On the 2gth the tempera- 
ture was 38.4. There was severe pain in the axillary region not 
relieved by opiates. The patient suddenly died at 1 1 a.m. on 
this day. 

Radioscopic examination in the morning of this day showed; 
Left hemo-pneumothorax with marked displacement of the heart ] 
and mediastinum to the right. The shrapnel ball was located in \ 
the same position as previously. 

Post-mortem Report : Autopsy performed one hour post-mor- 
tem. Nothing remarkable in the cranium or neck. Thorax ex- | 
panded more on the left than right. Upon opening the thorax, 
almost 500 c.c. of sero-sanguineous fluid were found in the left 
pleural cavity. In tlie lower third of the cavity, between the 
parities and the lung, there was a laminated adherent clot the 
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S£K of the fetal bad at teim. The left hag vas reduced to a 
tlnrd of its normal size. In tbe inferior tofae a laceratkni of the 
Tisoaal plem 2 an. in diame ter was noted; there was a sur- 
ro u p di i^ area of intense bemorrfaagic tn£3tTat>on. On the cupula 
of die diaphngm tn the midst of a blood dot tbe missile, a shrap- 
nd boB. was foond. Tbe r^4)t bag presented a slight grade of 
marginal aiqili3rsema. 

The heart was small, ooatracted, msricedly displaced to the 
r^^; tbe apex lay mider tbe bonj portion of tbe 5th rib. Myo- 
cardium and valves oormaL Aorta oonnaL Tbe wound of 
e of tbe fffojectile was in the 7^1 tntercostal space. 

Abdomen : Digestive sqiparatns not ranaricable. 

Liver, spleen and lodoeys present evidences of congestion. 

Anatomical Diagnosis: Acnte insnffiaency of the heart Con- 
gestion of the liver and kidneys. Penetrating shrapnd wound 
of Iimg with hemo-pDcumothorax. ' 
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ANALYZING the statistics of the period from August to 
October, 1917, out of the total of 1 10 cases of chest wounds 
treated, there have been five deaths, a mortality of 4.45 per cent. 
I do not wish to set undue value upon mortality statistics since 
they vary greatly according to the situation of the hospital as 
well as the nature of the wounds. In the activities of March, 
1917, for example, the mortality, although less than 10 per cent 
showed a certain increase owing to the fact that the hospital re- 
ceived numerous cases of open wounds with hemo-pneumothorax 
due to aeroplane bombs. In these cases the hospital often repre- 
sented a first aid dressing station, as in almost all cases the 
wounded were admitted within two or three hours after being 
hit. The military authorities with enlightened forethought had 
directed that all chest cases should be transported immediately to 
the hospital. 

It is not the small number of deaths per se, but rather an ex- 
amination into their causes, and a study of the functional results 
of cured cases, which obligate a critical consideration and in my 
opinion recognition of my method of treatment. 

I have not had, either in the cases cited or in any others, 3 
single case of death due to hemorrhage; in all cases it was con- 
trolled. I have never had secondary hemorrhage, which demon- 
strates conclusively the efficacy of immobilization of the lung. 
It can be asserted with almost positive certainty that if the 
vascular lesion is not such as to cause death almost at once, 
the hemorrhage can be controlled. All authorities state that the 
maximal mortality occurs within the first two days after the 
receipt of the wound, either on account of hemorrhage or trau- 
matopnea. I have never had a death among my cases in the 
first few days after admission, the few deaths that have occurred 
have been late, usually as the result of infection. If we examine 
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the clinical histories and necropsies of these fatal cases, inter- 
esting facts are disclosed which confirm all the more my thera- 
peutic conceptions. 

Case 61. — Lieut, G. C. — Cause of death, abscess and gan- 
grene of the tting. This was not a case of direct wound of the lung 
but of severe pulmonary contusion. The patient was admitted to 
the hospital at a time when we had not yet adopted routine inter- 
vention in cases of contusion, so for the first day the treatment 
was merely expectant, on the second day a small pneumothorax 
was induced to relieve the severe pain; having obtained this, the 
pneumothorax was not pushed to the point of immobilization of 
the lung. A pulmonary abscess developed. Then intervention 
with pneumothorax was attempted, but failed on account of 
strong pleural adhesions. This has since led me to adopt routine 
intervention in all cases of contusion, in order to prevent, or 
diminish the gravity of broncho-pneumonia with its sequelae. 
This case throws light on the etiology of abscess of the lung, 
and illustrates the importance of pleural adhesions. I will say 
more of this farther on. 

Case 6a. — Lieut. T. G. — In this case there were two large 
gaping wounds of the chest, the lung had been perforated by the 
projectile carrying clothing with it. Compression of the lung 
was not possible, and a pulmonary abscess developed. We shall 
see in speaking of pulmonary abscess that in several other cases 
the projectile carrying clothing had perforated the lung but 
compression of the lung havii^ been possible, abscess formation 
did not take place. 

Case 63. — Pvt. R. F, — Cause of death gas gangrene. In this 
case, in the vain hope of relieving dyspnea, the pneumothorax 
was diminished, and there was recurrence of hemorrhage. This 
case as well as Case 61 should be considered one of grave con- 
tusion of the lung, the soldier having stated that he was thrown 
into the air by the explosion of a grenade. 

Case 64 — Pvt R. A. — Was admitted for treatment eleven 
days after being wounded, with a hemothorax of 3400 c.c. No 
irrigation or compression of the lung was performed at first on 
account of a suspected wound of the heart. There was a reforma- 
tion of the bloody effusion due to acute pleural inflammation, 
probably the result of the abundant clots. This is a case which 
demonstrates the utility of early intervention and the danger of 
delay. 
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Case 65 — Pvt. C. A. — In this case thoracentesis was not per- 
formed, but the spontaneous pneumothorax merely augmented. 
The patient died after painful symptoms, not explicable even at 
autopsy. The only deduction that can be drawn in this case as 
well as in the preceding one is this, that when the bloody effusion 
is not evacuated immediately pleural inflammation may ensue, 
and prove fatal. 

In conclusion, three patients died from severe uncontrollable 
infection, and two probably from severe acute pleuritis which 
brought about acute cardiac failure. 

In all these cases death came late, and in none was it due to 
hemorrhage. In Case 61 the patient perhaps might have been 
saved by an early intervention, this case confirms what I have 
already said about the gravity which pulmonary contusions at 
times assume. After adopting routine intervention in these cases 
I have never had any grave complications. 

Perhaps it will be well to review rapidly the conditions al- 
ready described under the section of symptomatology and clini- 
cal pathology, discussing them in the light of actual cases treated 
by pulmonary immobilization. 

Character of the Projectile and Nature of the Wound. — Of 
two missiles of equal size, the one of more irregular contour will 
produce the graver lesion on account of the greater likelihood of 
its carrying infectious elements. My statistics show that the 
nature of the pulmonary lesion is a smaller factor in the serious- 
ness of the case, than the nature of the parietal wound, an open 
pneumothorax markedly, increasing the likelihood of pleural in- 
fection. The lodging of the missile in the lung does not par- 
ticularly aggravate the symptomatology, it requires merely more 
prolonged pulmonary compression to effect its encystmen*. The 
region wounded has not been of any particular significance in the 
cases admitted to this hospital, since, I repeat, all hemorrhages 
have been controlled. Wounds in the region of the great vessels 
may be of vital importance inasmuch as death may result im- 
mediately. If this does not occur, such a case runs a course 
identical with the others. In my opinion the most dangerous 
localization of the projectile is in the pleural cavity, since it 
causes empyema with almost constant certainty. 

Pleural Reflexes. — These are generally diminished by the 
production of pneumothorax, evidently pulmonary mobility 
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maintains and aggravates them. The relief afforded by arti- 
ficial pneumothorax in certain cases is wonderful, especially in 
those cases in which splinters of rib impinge on the lung, or in 
those in which there is pleural friction. It suffices to separate 
the ple'.iral surfaces to obtain complete relief. 

Hemoptysis. — If the lung- is well compressed, in a few 
days, sometimes in a few hours hemoptysis disappears. I have 
never had hemoptysis of any account after inducing pneumo- 
thorax. I recall a German prisoner with very profuse severe 
hemoptysis, upon whom I had to intervene in the sitting posi- 
tion while he was spitting blood with every breath. A few min- 
utes after the induction of pneumorthorax the hemoptysis was 
controlled, and in a few days was reduced to a moderately 
sanguineous sputum. 

Very rarely I have seen the reappearance of hemoptysis after 
too early discontinuance of reinforcements of air, 

Pneumothorax. — I repeat that pneumothorax is a most fortu- 
nate circumstance in a wound of the chest. A small pneu- 
mothorax is most common ; I would say that it was almost con- 
stant in wounds of appreciable size. It is perhaps even more 
constant than hemothorax, since in those fortunate cases in 
which there is abundant pneumothorax, hemothorax does not 
develop. I saw an unusually striking case, in a soldier, who was 
shown as worthy of notice because with a perforating wound of 
the lung he had no hemothorax. This man a month later still 
had a pneumothorax with a pressure of -!-i8 with the classical 
coin sign. It was a case surely of recurring pneumothorax. It 
is only necessary to maintain pneumothorax for a short time 
with reinforcements of air to obtain healing. The pneumothorax 
is absorbed with great facility, especially if air is used instead 
of nitrogen; in a few days even a vast pneumothorax may be 
completely absorbed ; the more mobile the hmg, tlie more rapidly 
it is absorbed, so much the more if there is coughing. I would 
almost say that if the lung moves the absorption takes place in 
geometrical rather than in arithmetical progression. 

A pneumothorax does not per sc cause pleural irritation, or 
if so, to a slight degree only. It suffices to observe the numerous 
radiographs to be convinced that in those cases in which there 
has been only a pneumothorax without hemothorax, perfect tunc- 
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tional restoration of the lung is established. Some even claim 
that a slight pleural irritation may have a beneficial influence in 
the destruction of microorganisms. Admitting that pneumo- 
thorax is per se not hurtful, and that its artificial induction is 
devoid of danger, it follows that it should be induced as early 
as possible, after the lung is wounded and before the effusion of 
blood into the pleural cavity takes place. If this can be attained 
the danger of pleural reaction which sometimes raises to excess 
the tension of the pneumothorax will be avoided. 

There are some who fear pneumothorax to the point of advis- 
ing its prompt elimination, and advocate the use of hypertension 
cabinets to dilate the lung. Evidently they do not consider that 
the lung compressed upon its pleural surface becomes smaller 
closing the wound, as the pores of a sponge are closed when it 
is compressed. On the other hand if the lung is dilated by pres- 
sure exerted through the bronchial passages the wound is en- 
larged, an experiment which even theoretically appears too 
dangerous to warrant trial, I would say to those who fear 
pneumothorax that it is dangerous only because too often it is 
too scanty, and too quickly absorbed. When present it should be 
increased and maintained. Only very rarely have I had occa- 
sion to diminish a pneumothorax. In one case (No. 43) I did 
not wish to increase the slight spontaneous pneumothorax which 
was present on account of severe dyspnea, and thereby incurred 
an unexpected danger. Certainly if I had increased the pneu- 
mothorax according to my usual practice, the incident would not 
have occurred. The rapid absorption of air, or else a strong 
inspiration dilated the slightly compressed lung, and caused a 
reopening of the wound. This is mechanically so self-e\'ident 
that it does not permit of discussion. 

From my experience I am convinced that pneumothorax is 
more often of pulmonary than of parietal origin. This is logical 
since the inelastic tissues of the chest wall have a tendency to 
close after the passage of the missile, aided by the negative pres- 
sure in the pleural cavity, while the contrary occurs in the pul- 
monary tissues which are kept dilated by the negative pressure. 
As regards the lesion it is to be observed that the elastic force of 
the lung tissue acting on the borders of the wound has a tendency 
not to close but to open it, and it is only the entrance of air «■ 
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liquid into the pleural cavity which permits of the closure of the 
wound by the retraction of the lung. A good example of this is 
to make a cut in a piece of nibber dam under tension, this imme- 
diately enlarges, becoming latter than the instrument making the 
cut. On the other hand the cut becomes reduced in size almost 
to the point of invisibility, if the tension is relaxed; the same 
thing happens to the lung in the presence of a pneumothorax. 
This action is of great importance in the case of projectiles which 
remain in the lung. 

Some authors speak of an active retraction of the lung, I 
have never been able to persuade myself of this in the case of 
wounds of the lung. I believe that retraction exists only in so 
far as pneumothorax allows of it. This is an important subject 
which concerns the theories advanced in regard to the pathology 
of asthma and deserves a fuller discussion than I can give to it 
here. If such a retraction should occur, it might have a certain 
action in closing the smaller vessels: but it would not have a 
useful action on the wound as a whole, since for the reasons 
already given it would tend to separate the borders of the wound 
facilitating pneumothorax. 

Hemothorax. — As already stated this is an almost constant 
accompaniment of wounds of the lung. Sometimes it is lacking 
in the first few hours after receipt of the wound and appeara 
later. In some cases I have not inter\ened at first because there 
was no hemothorax, only to be obliged to perform thoracentesis 
at a later time (Cases i8 and 23). Case No. 15 (Plate g) is a 
striking example. I did not intervene at first on account of the 
lack of evidence of lung involvement and was obliged to perform 
an urgent intervention on the following day, evacuating 1500 c. c. 
of blood. It is interesting to note that I have never evacuated 
more than 1500 c. c. of blood even in the gravest cases when a 
pneumothorax existed. 2400 and 3400 c.c. respectively were 
evacuated in two cases in which an immediate pneumothorax 
had not been induced (Cases 4 and 64). I have evacuated even 
larger amounts in other hospitals. 

If there is early induction of pneumothorax, before the forma- 
tion of bloody exudate, or while the exudate is small in amount, 
it is exceedingly rare for it to form later. The cases are numer- 
ous and have already been described in which there being a 
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scanty hemothorax, pneumothorax was induced or increased fol- 
lowed by perfect healing. It is my conviction that if the pneu- 
mothorax is induced early, an acute hemothorax may have to be 
evacuated, but the development of a hemothorax by oozing will 
be rendered, if not impossible, at least exceptional. It would 
occur only when the presence of pleural adhesions prevented 
compression of the lung. 

In the diagnosis of hemothorax one is guided by the mobility 
of the level of fluid, so frequently present since hemothorax is 
almost always accompanied by pneumothorax. This sign is 
useful in the differential diagnosis between fluid exudates and 
coagulated blood. If in the presence of pneumothorax the area 
of dullness is immobile the existence of clots may be guaranteed, 
if it is mobile one may be sure that if clots exist they are covered 
by fluid. 

Another differential sign of a certain amount of value is this, 
if there is a herao-pneumothorax Grocco's sign is absent, while 
if there is bloody exudate only, it is present. 

Let me repeat that hemothorax of pulmonary origin is the rule, 
and that of parietal origin the exception; I do not pretend to 
deny that an early slight effusion may be occasionally of this 
origin. 

H«mo-pneumothorax. — This is most frequent at first, if the 
amount of air is small and no additions are made to it, it is ab- 
sorbed and there is an increased effusion of blood. Let me 
repeat that in a good number of cases there is an inverse ratio 
between the amounts of air and blood. This is logical. Some 
advise that effusions of blood should not be evacuated since they 
compress the lung and prevent hemorrhage. It is certain that 
a liter of air will produce at least the same effect as a liter of 
blood and at less cost. 

The determination of the tension of a pneumothorax is very- 
important since it will indicate the line of treatment to be fol- 
lowed, and often accompanied by exploratory puncture will indi- 
cate whether an increased pressure is due to hemorrhage or to 
inflammatory pleural effusion. This is an important point since 
if the pressure, however high, is due to hemorrhage it should be 
maintained, which is not the case if it is due to inflammatory 
exudate. In case of hypertension one must decide between 
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evacuation of the fluid or diminishing the pneumothorax. The 
evacuation of the fluid is theoretically more correct since the in- 
creased space in the pleural cavity permits of obtaining the same 
effect in immobilization of the lung with less air pressure, but 
since in practice the rapid reacciimulation of an inflammatory 
exudate occurs, it is often more convenient at first to aspirate a 
certain amount of air, and put off until later the evacuation of 
the fluid. When the fluid reforms with great rapidity it is to 
be feared that one is dealing with an infected pleura rather than 
with a simple pleural reaction. 

I have stated that pleural reaction is frequent in the presence 
of blood, and especially in tlie presence of clots (Case 11). If 
there is concurrent pneumothorax the reaction is less frequent, 
and this is well explained when there is a fibrinous deposit inter- 
posed between the functioning pleural surfaces which cannot 
but increase the irritation, which is eliminated as soon as these 
surfaces are separated from each other. Rarely the irritative 
reaction may exist even in the presence of a pneumothorax, and 
therefore I advise irrigfation of the pleura after thoracentesis. 
Irrigation with a few hundred cubic centimeters of chlorosol 
has the advantage of aiding the evacuation of blood and per- 
haps, too, of leaving a little of the antiseptic fluid mixed with 
the residual blood. 

Irrigation is not an absolute rule. In some cases, which are 
very exceptional, since I have had hut one in which I was forced 
to omit irrigation, there may be a lively reaction, such as to con- 
traindicate its use. It is nevertheless true that if it can be used 
healing is more perfect, and pleural reaction is rare. A curious 
fact since there is little doubt but that the irrigating fluid itself 
may possess irritating qualities. It is a noteworthy fact, which 
careful study of the radiographs will confirm, that healing has 
been more perfect in those cases in which thoracentesis of lar^ 
quantities of fluid followed by lavage was performed, than in 
those in which the hemothorax being slight, it was not evacuated 
and pneumothorax only induced. In these cases healing is often 
perfect, but at times residual obliteration of the complementary 
spaces or diminution of the transparency of the pulmonary area 
(Cases 30 to ^y) results. It is often necessary in such cases to 
perform thoracentesis for a pleural exudate. This was very 
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evident, for example, in Case 9, in which evacuation of the 
blood could not be completed on account of excessive reaction, 
and 1200 C.C. of sero-sanguineous fluid had to be evacuated 
later; also in Cases 19, 23, etc. 

Emphysema : Subcutaneous, Mediastinal, Subpleural. ^ The 
study of many cases has further confirmed me in the opinion, that 
while localized subcutaneous emphysema may be caused by a 
pneumothorax more or less voluminous, which at a certain mo- 
ment before the closure of the pleural wound acquires positive 
pressure, or by the presence of pleural adhesions at the site of 
the wound, generalized emphysema, on the other hand, is almost 
invariably due to this second cause. Granting the presence of 
adhesions it is debatable whether an attack of coughing causes 
the emphysema, or whether simple expiration alone may do so. I 
am convinced that expiration alone is sufficient to overcome the 
slight resistance which ts opposed to the diffusion of air into the 
tissues, aided and abetted by occasional attacks of coughing. 
Certainly at times one observes the rapid diffusion of air sub- 
cutaneously even when all coughing is controlled by large doses of 
opiates. It should be noted particularly that the soldier with a 
wound of the lung, as has already been stated under the section 
of symptomatology and clinical pathology, has often a forced 
expiration, and only a slight force is required for the diffusion 
of air in the tissues. This may be proved by the insufflation of 
air under the skin which may be observed to .spread to considera- 
ble distances. It occurs very often in therapeutic pneumothorax, 
emphysema forming at the point of puncture. This may spread 
during successive days even when new injections of air into the 
pleural cavity prove that the punctured pleura is air tight. In 
the emphysema of gas gangrene there is no positive pressure to 
cause its extension; slight muscular movements suffice. 

The presence of subcutaneous emphysema does not per se con- 
traindicate increasing the tension of a pneumothorax. In many 
cases of emphysema even of quite marked degree I have increased 
the pressure of the pneumothorax without increasing the amount 
of subcutaneous air. Certainly I would not increase the pneu- 
mothorax if it can be determined that the parietal pleura has 
not closed. It may be of assistance in determining this, to ob- 
serve (as in Case 60) a rise and fall in the skin during the 
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the mraoioa of the hmg and the dosnre of the pakaooaij 
wooDd, or bjr pnttaDg fhe poridal pleora on the stzetefa and so 
totcrfcrio; with ks dosve. It is obvioos that dK same medo- 
ntMD taaf act to the p r mnce of nen a snail poemnothorax when 
adhcnons prevent the oocp p l et e cxAapse of the hmg- It b eaay 
to deduce the tnatment for this coo di tion. 

I repeat, therefore, tttat notwithstanding kxaHxcd snbai^ 
taoeoufl an^tyataa. I inoease tfie existii^ poemnothorax in the 
effort to secure at least the coQapse of the hmg. bat principally 
for the reason that if 1 succeed in obtatning' a high pressure I 
will obtain dosure of the pohnoaary wound and eliminate 
Ifae prime caose of subcutaneous emphysema. Often in so 
dotnff one overcomes the pleur?] adbesioos which keep the in-ound 
open. How should one proceed in case of generalized em- 
physema? The problem is of great interest, and of difficult soto- 
tion. In some cases I have increased the existing pneumothorax, 
and have observed the apparent paradox that with the injection 
of air into the pleural cavity the diffuse emphysema disappears. 
This is possible only when the pleural adhesions are weak, per- 
mitting the formation of a pneumothorax, and at the same time 
the pleural wound is so small as to permit of the increase of 
tension of the pneumothorax to a point sufficient to break the 
adhesions, At times no pneumothorax exists, either because the 
miHiIe has penetrated at a point where adhesion is complete, or 
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because there is complete cohesion of the lung and pleura. In 
the first case one searches elsewhere in the pulmonary area for 
a free space wherever a pneumothorax can be made ; one causes 
the lung to retract, compressing it not upon the hilum, but upon 
the wound itself, if one can suppress the pulmonary function the 
subcutaneous emphysema will be conquered. I recollect a case of 
a colleague with diffuse emphysema which had extended to the 
fingers of his hands. By percussion a slight hemothorax was 
recognized, exploratory puncture confirmed this. Then with 
Forlanini's syringe I made a voluminous pneumothorax through 
the blood and healing was rapid. 

How should one proceed in the case of emphysema at the site 
of complete pleuraj adherence, or when it is not possible to obtain 
a pneumothorax of sufficient tension ? I have had no practical 
experience with this, as I iiave always been able to make a 
pneumothorax and obtain a cure in these cases, therefore my 
reasoning is theoretical. I belie\'e that a thoracotomy should be 
performed at the point of entrance of the projectile and if pleural 
adhesions are found they should be separated if possible, suffi- 
ciently to allow retraction of the lung and closure of the pulmo- 
nary wound, the thoracotomy wound should then be closed. If the 
adhesions are tough an attempt should be made to suture the 
lung, visceral pleura, parietal pleura and subpleural tissues en 
masse. This might be possible with preexisting tough adhesions 
which would prevent the stitches from cutting out. The treat- 
ment would be more difficult in cases where the lung instead of 
being fused with the pleura, is separated from it by a small pneu- 
mothorax not sufficient to close the pulmonary wound but render- 
ing the region less accessible to operative measures. 

These are merely suggestions, the solution of the problem 
awaits the surgeon. 

I believe it is impossible, if a pneumothorax cannot be induced, 
to control a mediastinal emphysema when its origin ts not at the 
point of entrance of the projectile but lies deep in the tissues 
wherever the projectile has come to rest. 

I wish to emphasize the point that subpleural emphysema is 
of great importance. Twice it has led me into grave errors of 
diagnosis. A case in which the error was fatal was No. 65, in 
which I diagnosed an effusion too late. In the presence of sub- 
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cutaneous emphysema percussion should never be relied upon as 
a diagnostic sign, since too often the tympany of the emphy- 
sema will mask the dullness of fluid, yet when there is no appar- 
ent emphysema one is led to exclude effusion if there is no dull- 
ness. In wounds of the lung one should be on one's guard against 
accepting this as a axiomatic, since a layer of air between the pa- 
rietes and the liquid will alter the resonance. This is theoretical 
as I have ne\'er been able to actually demonstrate subpleural 
emphysema at the post-mortem table. I do not know whether my 
explanation will be accepted or not, but the fact remains that in 
some cases of effusion the percussion note is t>'mpanitic rather 
than dull even when thoracentesis permits of the evacuation of a 
liter or more of fluid. If the case is one of acute pleuritis with 
rapid hypertension or of emphysema delay may be fatal. 

Whenever I have obtained a certain tjTnpanitic box sound I 
immediately perform an exploratory puncture or obtain a radio- 
scopic examination. This sign is of es)iecial importance in 
empyema in which complication it is quite frequent. If a care- 
ful examination is made it will oftentimes be noted that in a 
zone more or less diffused about the wound of entrance the 
above described tympany can be elicited even when all about 
there is dullness due to the fluid effusion. What is the cause of 
this? Perhaps in some cases it may be an emphysema of parietal 
origin due to gas producing microorganisms which do not pro- 
duce an emphysema detectable to palpation because localized in 
the deeper tissues. Or is it due to the fact that the tissues in the 
presence of an empyema lose their tone, so to speak, and per- 
mit a pneumothorax increased in tension by the exudate to invade 
the subpleural tissue in the vicinity of the wound? Or may it 
be marked edema rather tlian air which alters the percussion 
note? Whatever doubt may exist as to its explanation, there can 
be none that it is often an early sign of empyema, more so than 
edema of the parietal wall. I recall a case in which tliis sign was 
present, and on two occasions bacteriological examination was 
negative. A thoracotcany for putrid empyema was necessary 
in the end. In all probability the exploratory puncture had evacu- 
ated blood from a sterile walled-off locule. 

In conclusion, subcutaneous emphysema even when generalized 
is not per se particularly dangerous; I have seen no deaths as 
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a result of it. All the cases have healed perfectly (Case i, Plate i. 
Cases 37, 54, Plate 29). 

Broncho-pneumonia. — Broncho-pneumonia is almost a con- 
stant concomitant of penetrating wounds of the lung, and fre- 
quent in contusions also. Often it has a mild course; however, 
it may be very serious. Captain Ortali reports having had in 
59 cases three deaths from broncho-pneumonia. He states that it 
is almost always accompanied by high fever which lasts several 
days. Reviewing my clinical histories I was surprised to observe 
that the fever was almost always mild, and of short duration. 
The course of broncho-pneumonia is so benign in cases of com- 
pression of the lung that every time any recrudescence is observed 
a reinjection of air is made; and a pneumothorax is induced in 
cases of simple contusion in which I did not at first intervene, 
if tliere are signs of its development. The fact that a prompt 
intervention inhibits the reaction of broncho-pneumonia, or ren- 
ders it innocuous, makes me think that tJie extravasation of 
blood is an important element in its causation, and hence the 
importance of preventing that factor. The results are such as 
to tempt me to intervene in cases of ordinary broncho-pneu- 
monia when it is monolateral. If high fever persists in a case 
with compressed lung. I am more inclined to suspect pleural 
rather than pulmonary lesions. * 

Broncho- pneumonia is usually more grave in cases where the 
projectile remains in the lung; if the lung, however, is well com- 
pressed there is but little difference. 

Empyema. — I have already spoken of the great importance 
of broncho-pneumonia in the causation of empyema. An exami- 
nation of the case reports confirms this. Out of 85 cases of pul- 
monary wounds with closed parietal wall there were only two 
empyemas, and in one of these there is every probability that 
there was a preexisting open pneumothorax. (In his recent 
work "Chirurg^a di Guerra," Captain Ortali reports 59 cases of 
pleuro-pulmonary wounds treated medically in a surgical ambu- 
lance with the development of 15 cases of empyema. Saviozzi 
had over 7 per cent, Weis above 9 per cent) If the lung is 
compressed early so that the oozing of blood is prevented during 
the stage of broncho-pneumonia, pleural infection will be almost 
certainly avoided. It is very rarely the projectile which carries 
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in the organisms causing the infection of the pleura. Cases 26, 
27 (Plate 18), ^y and 40 (Plate 23) in which projectiles carry- 
ing clothing pierced the lung and were removed from the sub- 
cutaneous tissue, show conclusively that an infected projectile 
may perforate the pleura without infecting it, or infecting it so 
slightly that the microorganisms are overcome. 

In this connection the work of Ritter is of great interest. He 
states that hemothorax is at first sterile and becomes infected 
secondarily. Elliot and Henry explain tliis fact by demonstrat- 
ing that the infection arises from the blood clots which surround 
the projectile. I, also, before adopting routine intervention, 
observed that blood at first sterile might become infected later. 
If it were the missile which introduced the microorganisms this 
fact would be inccHnprehensible. it is quite easy to understand, 
however, if the infection is of pulmonarj' origin, I do not wish 
to exaggerate this. I do not deny that at times the infection is 
primary and direct, neither do I wish to assert that every second- 
ary infection is of pulmonary origin, certainly at times it may be 
of parietal origin. I believe that the pulmonary origin is the 
more frequent, and that the results of treatment denicMistrate 
this. 

I repeat that while early irrigation of the pleural cavity may 
be of value in preventing empyema, when once it is established 
it is necessary to perform thoracotomy. 

The greatest cause of empyema is the lodging of the missile or 
of clothing in the pleural cavity. In my opinion this is the most 
dangerous site for a foreign body. While I am not much con- 
cerned by the presence of a missile in the lung, I fear one in the 
pleura. While I very rarely advise the extraction of a missile 
from the lung, if one is sure that it is lodged in the pleural cavity 
I always advise its removal. 

While the mortality of the empyema of battle casualties is 
considered high, I have never had a fatality. In the cases in 
which intervention by the method described has been carried out, 
cure has been rapid and without severe thoracic deformity. 

Pleural infection is rendered much more grave when compli- 
cated by comminuted fracture of one or more ribs; in such cases 
septicemia is very frequent. I believe this to be a surgical prob- 
lem of the highest importance and one not yet solved. Is it 
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best to perform radical excision of ribs in order to remove all 
splinters? Or is it not best to make a large opening followed by 
frequent and copious pleural irrigations? Only a large expe- 
rience with such cases will show. 

Concerning irrigation of the pleural cavity as a prophylactic 
measure against empyema, I wish to put in evidence a case re- 
cently treated in a hospital in Mestre in which exploratory punc- 
ture demonstrated a fluid containing streptococci, the effusion 
was evacuated, followed by irrigation, empyema did not develop. 
Also in Case 57 the effusion ccmtained staphylococci and healing 
resulted without empyema. 

The treatment of empyema with thoracotomy and the appli- 
cation of the pneumatic bag drainage permitting of early com- 
pression, followed by decompression, has given me excellent re- 
sults, and rapid healing. The radiograph in Case 53 (Plate 28) 
in which empyema developed as a complication of an open hemo- 
pneumotborax shows by the translucency of the pulmonary area 
how completely the lung has reexpanded ; the shadow at the base 
is due to adhesions. 

The treatment of empyema demonstrates clearly the me- 
chanics of pneumothorax. In two cases recently treated, in 
which I commenced aspiration too soon, reopening of the pul- 
monary woimd occurred ; recompression sufficed to obtain rapid 
cicatrization. 

Abscess of the Lung. — I have ha^ four cases of abscess of 
the lung; in two recovery took place (Cases 43 and 57), and two 
were fatal (Cases 61 and 62), In Case 62 there was pneumo- 
thorax with two large gaping wounds. In Case 61 there was 
abscess with gangrene of the lung complicating a pulmonary 
contusion, in which there was no direct wound of the lung itself, 
while in Case 62 the missile had perforated the lung. 

My cases of abscess are of special interest. It is asserted 
that the retention of the projectile in the lung, or of splinters 
of bone or portions of clothing particularly invite the formation 
of an abscess. This is incontrovertible, but only in the case 
of a functionating lung. When the lung is immobilized by a 
pneumothorax the projectile is readily sterilized and encysted. 
None of my four cases of abscess were due to a projectile re- 
maining in the limg. In two they were due to pulmonary contu- 
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sion in which abscesses developed as the result of fetid broncho- 
pneimionia. It is precisely on this account that I now intervene 
e\-en in cases of pulmonary contusion. What strikes one most 
forcibly in reading tlie histories of these four cases, is the fact 
that all occurred in cases in which compression of the lung could 
not be effected ; in the first because there were two gaping open- 
ings with empyema, in another because a pneumothorax already 
existed on the other side, and in two on account of tenacious 
pleural adhesions. In truth there were pleural adhesions in all 
four cases. The real cause of pulmonary abscess is in my opinion 
connected with the respiratory function of the lung. Repeated 
trauma is caused at the site of retention of the projectile by wliich 
the pulmonary tissue is damaged, the wound is opened and the 
reparative power of the tissues diminished. I have already shown 
that a wound of the lung, on account of the elasticity of the latter, 
has no tendency to close but rather to enlarge; this tendency is 
even more marked where the resistance of the tissues is lowered 
by infection. This is surely one of the causes of cavity forma- 
tion in the lung, and what is true of a retained missile applies 
equally well to splinters of bone or particles of clothing. Quite 
different is the case of the immobile and compressed lung; the 
lung tissue closes over the projectile and the walls of the wound 
are brought together. The trauma at the point of lesion ceases, 
and the lung has only to combat the initial infective processes. 
We know what defensive powers the lung possesses. It is known 
that the results of pneumothorax, good in cases of phthisis, are 
really wonderful in cases of pulmonary abscess. Too often when 
an abscess is present there are also present pleural adhesions 
which prevent the carrying out of the treatment (as in Case 61), 
but when the lung can be cc^lapsed the result is a true tfiera- 
peutic miracle. 

It is logical to believe that if immobilization and compression 
of the lung can overcome an old abscess in which the pyogenic 
membrane is developed, it will mudi more readily do so in the 
case of an early infecticwi. If one considers the enormous quan- 
tity of blood which passes through the small collapsed non- 
functionating lung, it is easy to understand how the infection is 
overcome. It is this fact, together with mechanical rest, with- 
out looking for other more or less abstruse causes, which brings 
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about healing of the pathological pulmonary processes treated by 
pneumothorax. The lung, although resistant to infectious 
processes, fintls itself at a disadvantage in comparison with other 
tissues, on account of the constant respiratory movements to 
which it is subject, and on account of its anatomical structure 
which is easily disorganized when damaged. When immobilized 
and collapsed, however, the lung loses these harmful attributes, 
and becomes, on the other hand, superior in defensive powers to 
all other organs, on account of its dlsproportional vascularity. 
It is a matter of discussion whether the same amount of blood, or 
perhaps a little more or less, flows through a collapsed lung as 
through the normal viscus. I do not wish to enter into this 
question which would carry us too far afield. It is certain that 
the flow of blood is very abundant. The capillaries must remain 
pervious, since even after years of collapse and compression the 
lung will resume its proper function perfectly. The compression 
of a pneumothorax, amounting to only a few centimeters of 
water, is slight in comparison with the blood pressure. I recollect 
making use of this argument to demonstratg that the hyper- 
globulism of Roger's Disease could not be due to the mixture of 
venous with arterial blood, since in artificial pneumothorax this 
mixture is most abundantly furnished, as the non-aerated blood 
from the compressed lung passes into the left auricle, yet if 
hyperglobulism exists it is very slight, never reaching a high 
figure. 

In the cases dted, the important parts played by pleural ad- 
hesions, also by foci of broncho-pneumonia, in the development 
of pulmonary abscess, are seen. I will speak of these again in a 
special section. Adhesions increase the baneful influences of the 
respiratory movements of the lung in that they pull at the site of 
the wound, traumatizing the tissue. 

In conclusion, the great value of the early induction of pneu- 
mothorax in the prevention of abscess should be borne in mind. 

Granting that a projectile is easily encysted in the lung tissue, 
(the lung is known to be capable of encysting even tuberculous 
foci) is it wise to practice extraction, when it is possible to avoid 
the dangers of this by such a simple procedure at the disposal of 
all? The adherents of the policy of extraction should demon- 
Btrate that there are harmful late results from the retention of 
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Uic projectile, as is the case for example with foreign bodies in 
the brain, no harm at least in my cases has as yet resulted frorn 
their retention. If such should prove later to be the case, I would 
be ready to change my opinion only in part, since it would be 
logical to assert that intervention at a second stage wottld be 
preferable in the few cases in which such complicaiiOTis arose 
months or years later. Even here, I think it would be probaMe 
that if harm arose, it nxmld be only where tough adhesions had 
formed. My radiographs show that a wdl-healed lung is not 
subject to pleural adhesions. 

More debatable is the question whether it is not wdl to ex- 
tract the projectile when extensive pleural adhesi(His are present, 
either because in such cases pneumothorax cannot be practiced, 
or because an abscess is more likely to develop under these con- 
ditions, and the operation itself presents lesser difficulties. 

Gangrene of the Long. — I have had one case of gas gan- 
grene. Case 63. Did it originate in the lung or in other tissues? 
I do not think it is possible to answer. 

Secondary Hemorrhage and Pneumothorax. — There have been 
no cases of this. My patients, if there are no complications, are 
out of bed in eiglit to twelve days, even when a considerable 
hemothorax has been vacuated. 

Open Hcmo-pneimiothorax. — Pleural infection has been the 
most frequent complication in open parietal wounds communi- 
cating freely with the pleural cavity. Out of twenty such cases 
I was able to dose twelve without the development of empyema. 
These statistics will improve, as the use of the pneumatic bag 
is systematized, and the technic of its application improved. 

The radiographs. Plates 26, 27, and 29, show the results of 
treatment in three cases. Of course not all heal so perfectly; 
nevertlieless in the majority an almost normally functionating 
lung is obtained, in no case was there skeletal deformity of 
moment. In none of these cases was there death from hem- 
orrhage; it was controlled in all. 

This is a matter of vital importance. I am certain that if 
the pneumatic bags were applied at first-aid dressing stations 
many lives might be saved. This has been impressed upon me 
lately, when I have had occasion to intervene immediatdy in 
cases wounded in the chest by aeroplane bombs. 
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I am convinced of the practicability and value of the method, 
and regret that I have not sufficient authority to require its 
adoption. 

Contusion of the Lung, -■- 1 have been able to study twenty- 
eight cases of undoubted contusion of the lung. In a few cases 
only it was impossible to differentiate between contusion and 
penetration of the lung; these were cases in which there was 
hemothorax or pneumothorax. In considering contusion of the 
hmg I stated that one of its characteristics is the presence of 
hemoptysis with absence of hemothorax and pneumothorax. 
This characteristic is not, however, absohite. There is litde 
doubt that, particularly when the trauma occurs with a closed 
glottis and with lung expanded, rupture of the alveoli and vis- 
ceral pleura may take place causing pneumothorax, and at times 
hemothorax. It is by the same mechanical action, namely, sud- 
den increase in the endo-alveolar pressure, that we sometimes get 
spontaneous pneumothorax in singers. Sometimes the pneumo- 
thorax occurs immediately, at other times hours after the lesion, 
as if the damaged contused visceral pleura gave way owing to 
the continuous respiratory movements. In contusions of the 
lung pleura! complications are frequent. In a considerable 
number of my cases there was pleural friction, in some cases 
serous exudation. But the most important complication is 
broncho-pneumonia, which may be very serious, and lead to 
abscess formation. One of my fatal cases was due to pulmonary 
abscess following contusion of the lung. In Case 63, in which 
there was death from gas gangrene, there was a wound from 
a projectile, but the soldier had been previously thrown into 
the air by the force of an explosion. It may be that the con- 
tusion facilitated the development of gas gangrene. 

At first I did not intervene in cases of simple contusion, as 
they were considered to be trivial, and I had not at that time 
perfected the technic of artificial pneumothorax, whereby the 
danger of embolism is obviated. There were many complications 
among these early cases, such as broncho-pneumonia, secondary 
pneumothorax, or hemothorax, which did not occur after the 
lung was compressed as a routine measure in these cases. At 
the present time it is only in the very slightest cases that I do 
not intervene. While I have never regretted inducing a pneumo- 








196 THE TREATMENT OF WOUNDS OF LUNG ASB PI-ECntA 

thorax for mild hemopQ^, since a single injectioa suffices for 
cure, I have had occasion several times to regret not having 
intervened at first, either because the development of some com- 
plication necessitated a later intervention, or because the heat-i 
ing was not perfect. While in Case 45 perfect bealing^ 1 
pla(% without intervention, in others, Cases 47, 48. 49, etc, t 
was impaired function. 

Concerning the value of compression of the !img in cases < 
contusion, I like to recall a striking case shown to me by 1 
fessor Cemezzi. It was the case of a young soldier who had 
an apparently moderate contusion of the lung. Hemoptysis 
was persistent, and at the time of examination, six months after 
being wounded, the soldier raised about two sputum cups of 
blood mixed with mucus each day. The induction of a pneumo- 
thorax sufficed to stop the hemoptysis in a day. A reintrodni 
tion of air two days later brought about definite cure. 

My experience, now large, warrants the assertion of the co( 
plete innocuousness of pneumothorax, and the complete resti- 
tution to normal in a very short time, if no complications arise. 
In simple contusions, when the pulmonary pleura is unbroken, 
the result can be guaranteed. 

Results. — A study of the results, it seems to me, imposes i 
tei^ention. There is the same diversity of opinion in 1 
to the functional results of pulmonary wounds as in regard ) 
their mortality. Some place the mortality very low, others ve 
high. So it is stated by some that pulmonary wounds heal witii 
excellent results; others say the results are very bad. Both 
views are backed by clinical and radiographic evidence. It is 
a curious fact that sometimes individuals with serious wounds 
and massive hemothorax, after being at death's door, improve 
and finally recover with complete restitution of function. In 
contrast to these, how many are there, apparently not severely 
wounded, who are left with deformed chests, pleural adhesions, 
visceral displacements, with dyspnea of pulmonary or cardiac , 
origin on the least exertion, with arhythmia, tachycardia, etcR 
What can be compared with the results of a severe pleuritt 
badly treated or an empyema? 

This matter of results is of great importance, from its mili^ 
tary as well as from its economic aspect Many soldiers are lot 
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to the army or are rendered fit only for service in the rear; 
they cannot endure the fatigue of combat. As regards pen- 
sions, what should be tJie attitude of society toward them? Is 
it not right that an individual with greatly damaged or abohshed 
pulmonary function should have a corresponding compensation, 
to that granted for the loss of an eye? A pension is given on 
the basis that the capacity to labor is diminished, that dangerous 
labor must be avoided, finally, that the possibility of all labor 
may be abolished by a slight trauma affecting the sound eye. 
If a lung is seriously crippled functionally, is not the possibility 
of labor greatly diminished? The only difference in the two 
cases is this, that while the loss of an eye is apparent to all, the 
loss or great diminution of function of a lung is often not 
iinderstood, not even by the patient himself, who with the re- 
maining lung seems to breathe perfectly well. This is shown 
in patients treated by therapeutic pneumothorax. I recall a 
lawyer who used to come to the clinic for reinjections, and then 
immediately proceed to the Trial Court. I recollect a brick- 
layer who used to put down at the door of the clinic his bucket 
and trowel and after the reinjection of air return to his work 
on the roofs. While in these cases, after a cure, the lung re- 
expands and resumes function, such is not the case in many 
of the wounded, who must oftentimes be considered as func- 
tionally mutilated. If the remaining lung becomes diseased 
what happens? TTiink of the consequences of a pneumonia or 
a pleuritis, where but one lung is functionating; especially when 
the altered mobihty of one hemithorax reacts injuriously on 
the other. 

But disregarding the acute conditions, what will be the con- 
sequences when in old age chronic catarrh, pulmonary em- 
physema, and broncho-pneumonia make their appearance? When 
on account of pleural adhesions the faculty of expelling the 
secretions is reduced to a minimum. All these problems are of 
great importance, and should be considered with much atten- 
tion by sociologists. My own opinion is that every soldier should 
be pensioned if one lung is damaged to such an extent as not 
to permit of its carrying on the respiratory function if the other 
becomes diseased, even if the patient seems to be in good health. 

I remember an officer who, knowing that I was interested in 
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eased ooe. At times there maj be bat sli^t thoracic deformity. 
If in the case of this officer, who apparently had such g^ood 
function, a severe pletuitis shoold develop, what woald be the 
result? 

\N''ithout disaisstng- the maTiced influence which pleural adhe- 
sions may have on the heart and great vessels. I wish to accen- 
tuate only tbe late effects of grave pleural adhe»ons upon the 
lesion itself. I have already in speaking of abscess emphasired 
the fact that all the cases I have had were in patients with 
adhesions; one suspects them, therefore, in the formation of 
abscess, bronchiectasis, and in the a^ravation of every form 
of pulmonary affection. 

In conclusion, those wounded in the lung must often be 
looked upon as cripples, the ^Hctims of functional amputations. 
Doubtless perfect spontaneous recovery- at times occurs. Is this 
an argument to be used against intervention? Certainly not. 
On the contrary it makes for intervention. I will try to explain 
my thought. 

I admit that sometimes slight amounts of hemothorax are 
absorbed without ill results, as occurs at times in pleural transu- 
dates, and more rarely in the case of exudates. This outcome, 
however, is exceptional, since even in the fortunate cases there 
is usually a legacy of adhesions. These adhesions are of little 
harm if the lung is expanded; they resemble the adhesions of 
dry pleurisy, which are found so often in the dissecting room. 
'ITiis is tlie result when the hemothorax is absorbed in a few 
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days. Consider, however, that for a few fortunate cases, there 
are many that incur irreparable damage from too rapid absorp- 
tion, the lung expanding too soon ruptures at the site of the 
wound with the sequela of severe hemorrhage or infection. 

A second group of cases which may recover perfectly with- 
out treatment are those with the fortunate formation of a 
spontaneous noninfected pneumothorax without, or with only 
slight, hemothorax. If the pneumothorax is voluminous, and 
the pleura has slight absorptive power, so that cicatrization of 
the lung wound takes place before the absorption of air. then 
healing will be perfect. These cases offer the best argument for 
intervention. Should one leave to chance a method of treatment 
which can be controlled and guided so perfectly? In my series 
of cases there have been a large number in which I did nothing 
more than augment and maintain the existing pneumothorax, 
followed by perfect healing. 

There is a third group of cases which may recover perfectly 
without treatment, although marked hemothorax is present. 
These cases present a more complex problem and may seem to 
sustain the claim of the non-interventionists. T pray the latter 
to look at their clinical histories and they will ascertain that in 
all their recoveries there was not hemothorax alone but hemo- 
pneumothorax. Radioscopy will show in these cases that the 
opacity is not immobile, but with different movements seeks its 
own level like fluid; auscultation will not reveal dullness with 
bronchial breathing, as in ordinary exudates, but often dullness 
with complete respiratory silence: at times, perhaps, the dyspnea 
is out of proportion to the amount of exudate, often, if looked 
for, a mobile area of dullness is found. In the dorsal decubitus 
there may be no dullness anteriorly, while in the sitting posture 
there is. Perhaps in some there is present the succussion sign 
of Hippocrates, perhaps the coin phenomenon, often metallic 
soimds, or sounds of falling drops. These are all symptoms of 
hemo-pneumothorax. I know of none more difficult to find. 

The healing of hemo-pneumothorax is often perfect and quite 
different from the healing of pure hemothorax. Too often the 
hemo-pneumothorax soon transforms itself into pure hemo- 
thorax by rapid absorption of the air. but if there is a consider- 
able volume of air, and its absorption is not complete, so that 
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motnli^ of tbe hmg. Atttopsies on bemodionx cases have 
riiown fresh adbesaons within twenty-foor bmirs after tbe re- 
ceipt of tbe woond. Lookii^ at the radiographs of Case 24 
(Plates 14 and 15). the first shows the whole pleura obscured 
by phlogistic elcroents, ne\'erthdcss recovery was perfect, as the 
second radiograph shows. If the blood is absorbed early, the 
lung can dilate, since the adhesions are not tenacious and will 
give way; but if the blood remains a little longer, so that the 
adhesions become tirmer, then the lung will remain fixed, and 
cannot descend and occupy the space *-acated by the effosioo. 
It is obliged to dilate in the portions which are not fixed by 
adhesions, namely, that portion which was in ccmtact with the 
blood; but this, too, is unable to expand, being covered with 
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a fibrinous deposit from the blood. Therefore the vacuum left 
by the disappearance of the blood is filled partly by the pul- 
monary deformation, partly by thoracic depression, by raising- 
of the diaphragm, by the displacement of the mediastinum ; and 
the cause of all this is the adhesions of the pleura while the 
lung is in a state of retraction. Adhesions per se are not suffi- 
cient usually to produce visceral displacements and deformity 
of the thorax. We often find it impossible to produce a pneumo- 
thorax on account of total adhesions, and yet there may be little 
or no alteration of the above character. The adhesions result- 
ing from dry pleurisy take place with an expanded lung, homol- 
ogous points on the two pleural surfaces are adherent, they are 
in their proper relative position ; the adhesions, on the other 
hand, which follow effusions form between widely separated 
points. This is the reason why pleural effusions aspirated early, 
I while adhesions are slight (if they do not recur), give much 
' better results than those left to spontaneous absorption or tardy 
evacuation. 

The case is quite different if a pneumothorax coexists. It 
can be proved by the experimental apparatus of Figure i again: 
after having made a hydrothorax, permit air to enter. It will 
be seen to bubble through the liquid, rise, and interpose itself 
between the balloon and the walls of the bottle; the balloon is 
surrounded by air. The same thing happens to the lung. As 
soon as a pneumothorax is produced the two layers of pleura 
are separated, rendering the formation of adhesions impossible. 
This fact is of capital importance, since when the blood is ab- 
sorbed the lung will not be fixed but free to dilate in all direc- 
tions and occupy the whole pleural cavity; and even if the two 
pleural surfaces do become adherent then, owing to the presence 
of phlogistic elements, the adhesions will take place between a 
dilated lung and the corresponding points of the parietes. If 
layers of stratification resulting from clotted blood remain quite 
evident at radioscopic examination, there will be nevertheless 
satisfactory resumption of function, and slight or no thoracic 
depression. This was evidently the case in Case 4 (Plate 4), 
in which thoracentesis was performed one month after receipt 
I of wound, and in which the result radioscopically was bad on 
L account of fibrinous stratification; but the functional result was 
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\ftry good, there was no skeletal alteration since the lung- could 
dilate. It was a fortunate circumstance in this case that the 
hemothorax was so abundant (2400 c.c.) that it completely 
surrounded the lung even superiorly, and did not allow the 
formation of pleural adhesions. 

It may seem strange to those unfamiliar with artificial pneumo- 
thorax, but it is nevertheless a fact, that recent adhesions be- 
tween two layers of pleura are easily overcome by the presence 
of air under positive pressure; also that fibrinous stratifications 
of the visceral pleura are with equal facility overcome by the 
presence of air under negative pressure. On account of the pres- 
ence of air tlie thoracic mobility remains unimpaired, and there 
is as it were a continuous gymnastic dilatation of the lung. 

The radiograph of Case 53 is convincing. In this case, in 
which there was empyema, there were fibrinous deposits at the 
base, also certainly severe adhesions, but the lung has dilated 
perfectly and function has been well restored. With the ap- 
paratus for aspiration described by me, one assists experimentally 
in the dilatation of the lung in toto and in the consequent re- 
sumption of function, as the absorption of the pneumothorax 
takes place; a dilatation which could not take place if the 
pleural surfaces were already adherent. This is so true that I 
advise, when thoracentesis is not practicable for special reasons, 
as for instance during periods of combat when there is a press 
of work, or on account of the poor condition of the patient, to 
simply change the hemothorax into a hemo-pneumothorax by 
the introduction of air. When there is air in the pleural cavity 
one can wait for several days before performing thoracentesis; 
while one may not obtain a perfect radioscopic cure on account 
of residual blood clots, nevertheless the functional result is almost 
always excellent, though not so good as is obtained by the for- 
xnition of a pneumothorax before the hemothorax forms, or 
Jlje the complete evacuation of the hemothorax with the substi- 
ttttuoo and maintenance of a pneumothorax. 

It is interesting to observe in the radiographs that the results 
awitiften better in cases of massive hemothorax evacuated early 
aed followed by irrigation, than in cases of slight hemothorax, 
iqrwhach only pneumothorax was induced without thoracentesis, 
tn: these cases the blood may clot and occlude the complementary 
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Space. Nevertheless the pulmonary function is indeed hardly 
altered. This was the case in Case 8 (Plate 6), in which only 
400 c.c. of blood could be evacuated, as clots had already formed 
at the base ; the complementary space is obliterated but the lung 
is normal and functionates perfectly, a brilliant result consider- 
ing the large retained shell fragment. 

I hope to have demonstrated the truth of my first two asser- 
tions, the third is of most obvious explanation. The fibrin 
which in an effusion of blood inevitably remains between the 
two functionating pleural surfaces favors irritative reaction; if 
the pleural surfaces are separated this traumatic element is 
eliminated. 

The fourth assertion in regard to ordinary pleural effusions 
appears even more logical, since on account of the acute in- 
flammation the tendency to the formation of adhesions is even 
greater and more rapid. In these effusions I intervene at the 
earliest possible moment, evacuating the liquid and making a 
pneumothorax. Rarely the effusion reforms. If in the case 
of slight early effusions one does not wish to evacuate theiti 
immediately, either in the hope of reabsorption, or because one 
fears a rapid reformation on account of an acute condition, at 
least the hydrothorax should be converted into a hydro- 
pneumothorax. 

Even in moderate effusions the presence of adhesions may be 
the cause occasionally, as I have described, of a reversal of the 
curve of the diaphragm, a phenomenon which I have heard able 
radiologists qualify as strange. It is explained by the fact that 
if there are pleural adhesions which prevent the lung from re- 
tracting as the effusion takes place, either by the oozing of 
blood or as a result of inflammatory reaction, the diaphragm 
must cede. The reverse occurs later, when the effusion is ab- 
sorbed, the lung being unable to descend the diaphragm ascends. 

In the review of the cases reported two other points are 
worthy of special notice, — the rapid disappearance of hemop- 
tysis in all cases, and the practical absence of fever, the tem- 
perature being either normal or slightly elevated for a few days 
only, demonstrating that broncho-pneumonia and pleuritis were 
either not present or very slight. It should not be lost sight 
of that in some of the cases reported there were abdominal as 
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well as thoracic wounds. I am under the impression that 
pneumo-hepatic lesions are benefited by thoracic inten-enticwi 
(Cases 6, 14 and 26) ; perhaps because the pleural cavity exerts 
an aspirating power on the wound of the liver, as it does on 
that of the lung itself, and draws blood from the liver through 
the wounded diaphragm, a pneumothorax would prevent this 
as well as reduce the mobility of the liver. 

There were two cases complicated by hematuria and one case 
with a wound of the spinal cord (Case 16). 

I wish to call the attention of readers to the radiographs. 
The transparency of the pulmonary area is seen to be almost 
constant, and in most cases there is conservation of the com- 
plementary space as well, which means mobility of the lung 
margin. In most cases in which treatment was instituted early, 
it is difficult to distinguish the side of the lesion. Quite different 
are the cases in which there was no intervention or delayed in- 
tervention (Case 4. Plate 4). There is no need for further 
comment ; the radiographs speak for themselves. 

Pleural Adhesions. — In this whole treatise I have assumed 
that the pleura was normal. My arguments naturally lose all 
value if complete pleural cohesion exists, and lose weight also 
if there are partial adhesions. 

Adhesions may prevent the formation of a pneumothorax at 
all, or present difficulties which only the most experienced can 
overcome, or interfere with its efficacy even after it has been 
made. 

The presence of adhesions increases the difficulty of correct 
interpretation of semeiological data, since pneimiothorax, if 
present, is not complete, and will not cause characteristic dis- 
location of viscera and often will not cause the disappearance 
of the hepatic or cardiac dullness. 

The mechanical consequences as regards the pulmonary wound 
cannot be predicted. They vary according to the extent and 
localization of the adhesions. At times adhesions may be favor- 
able rather than harmful, permitting, for example, pulmonary 
compression without visceral displacement. It is difficidt to 
make positive statements in regard to the results of the presence 
of adhesions. 

Complete pleural cohesion eliminates the possibility of pleiu-al 



I 



DISCUSSION OF CASES 205 

complications, but allows of a much ^eater traumatism at the 
•ite of the lesion, which may a^ravate broncho-pneumonia and 
hemoptysis, the projectile is encysted less easily, and hence ab- 
scess is more frequent. Subcutaneous emphysema is most fre- 
C|uent. In general, I think I may assert that in cases of extensive 
adhesions the immediate effects are less dangtrous, while the 
late complications are more serious, particularly i f the projectile 
is retained. In such cases it would perhaps be well to attempt 
its extraction. Localized adhesions, if they allow of the forma- 
tion of a partial pneumothorax, may not permit the complete 
collapse of the lung and hence may keep the pulmonary wound 
Open. 

I do not know whether or not the immediate hemorrhage is 
more severe in the case of a wound of the lung at the site of 
pleural adhesions. It is indeed true that if a vessel of a certain 
caliber is woimded there is nothing to hinder the flow of blood; 
but, on the other hand, it is also true that the aspirating force 
of the negative pressure of the pleural cavity is absent. I have 
seen one case of not severe but continuous hemorrhage, in which 
there was total adhesion of the lung, at Hospital 060, at that 
time under the direction of Major Stradiotti. With every ex- 
piration a drop of blood exuded from the open wound in the 
chest wall. I attempted to introduce a hemothorax pneumatic 
bag directly into the lung and succeeded in stopping the bleed- 
ing. I question if this procedure cannot be done more often 
and perhaps may be of value in some cases of pulmonary fistula. 

The continuous passage of air may prevent the formation 
of a blood clot which a temporary closure will favor. 

A pneumothorax should be made with extreme prudence in 
the presence of adhesions on account of the danger of embolism. 
If air is not injected, but simply allowed to be aspirated spon- 
taneously from the apparatus, the pneumothorax may fail; but 
if successful, it is free from all danger. 

Therapeutic ConclusionB. — Having noted the results of in- 
tervention, I wish that my readers might see with what facility 
the act is carried out. When I have intervened within a few 
hours of the receipt of the wound, I have never, absolutely 
never, had any untoward incident attributable to the operative 
act; never embolism, or recurrence of hemorrhage. 
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Having shown that hemothorax is the rule in cases of non- 
intervention, that on the other hand it does not develop in the 
great majority of cases in which early intervention with pneu- 
mothorax is made, but that early cicatrization takes place, how 
can we escape the logic of a prophylactic pneumothorax ? 
Duval, at the meeting of the Societe de Chirurgie, Feb. 7, 1917. 
said : " Dans les hemotorax progressifs la methode de Forlanini- 
Morelli doit etre employee." It seems logical to me that if the 
method is worthy of use in grave cases, so much the more is 
its use indicated in slight cases with beginning hemorrhage. 
That immobilization favors cicatrization I believe every one will 
admit. I would accept Duval's views if the production of a 
pneumothorax was a dangerous procedure; to be sure at the 
time that they were expressed artificial pneumothorax in in- 
experienced hands was of some danger. That is no longer true, 
and any colleague may prove it. Lately many officers have 
visited my hospital to study the method. I have often required 
them to make the interventions themselves, and never had an 
untoward incident. It is true that if the technic is easy and at 
the disposal of all, it is also very delicate; I believe that the 
observation of a single production of pneumothorax is worth 
more than much reading of books. The real difficulty lies, not 
in the technic, but in the examination of the patient, and com- 
plete recognition of thoracic semeiology and its correct inter- 
pretation. 

It is my conviction that what has happened in the case of 
intervention for the consumptive will happen in the case of the 
soldier wounded in the lung. At first intervention was reserved 
for the most desperate cases; now the prime indication is seen 
to be in early cases. At first it was said that pneumothorax 
favored empyema ; now the development of the latter, except 
in the tuberculous form, is an imputation "non a! metodo ma 
al medico." 

Having reached the end of my labor, I ask myself if I will 
not be charged with following a single method too tenaciously, 
and with being narrow minded. I have admired so much the 
boldness of those great surgeons, particularly the French, who 
have operated directly on the lung itself, that, not having sufTi- 
cient surgical ability myself, I have desired to have my pid- 
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I monary hospital attached to a surgical ambulance, to which 
could be sent those cases in which my method was shown not 
to suffice. I have never as yet had to call for help to check a 
pulmonary hemorrhage, nor for surgical intervention for lesions 
referable to the presence of a projectile in the lung. I believe 
that the cases which require surgical intervention on the lung 
are very infrequent. 

I have often asked advice and counsel on a question not yet 
solved, — that of the treatment of open wounds of the thorax. 
Is it better to suture the wound or close with the pneumatic 
bag? In what cases should one or the other method be pre- 
ferred? Important questions, since they concern empyema. 

In this connection allow me to indicate another humble ad- 
vantage of the method which I advocate. While direct opera- 
tive intervention upon the lung requires a surgeon of the great- 
est ability, my method is easily mastered by any careful medical 
man. 

I shall be content to have demonstrated that in pulmonary 
wounds, as well as abdominal, active intervention should be 
substituted for expectant treatment. Intervention, which, vary- 
ing according to the nature of the case, should comprise the 
induction of pneumothorax, compression of the lung, and thora- 
centesis, as well as thoracotomy, extraction of projectile, and 
suture. It would be a poor doctor who would impose but one 
method of treatment for all cases, and lay down absolute laws, 
rather than consider separately the merits of each individual 
case. 

I hope to have persuaded the military authorities that pneumo- 
thorax should be applied as soon as possible in the more ad- 
vanced posts. The hemothorax bags particularly ought to be 
distributed in the Aid Posts and Dressing Stations. Many lives 
might thus be saved. Experience will show where the plan 
should be modified and corrected. 

The ardent desire to help those who offer their lives in de- 
fense of their country will ever spur us on in our studies, in 
the hope of making corrections, improvements, and progress for 
1 their benefit 
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